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HE usefulness of the electrokymograph as a tool in the study of cardiovascu- 
lar dynamics has been demonstrated by several workers in the past few 
vears.'?% Much of the work has been concerned with the contours of tracings 
obtained by recording the movements of the various borders of the heart and 
great vessels. Somewhat less emphasis has been placed on the actual timing 
of the events of the cardiac cycle. While changes in contour of the border trac- 
ings are found in pathologic conditions, the interpretation of these contour 
changes depends upon a knowledge of the many normal variations. 


A more fundamental approach to the analysis of electrokymographic trac- 
ings is the measurement of the duration of the various phases of the cardiac 
cycle. The present paper presents data regarding the mean duration and 
standard deviation of the phases of the cardiac cycle in normal subjects. The 
effect of the cardiac rate upon the duration of the phases of the cardiac cycle 
is pointed out, and some of the difficulties in interpretation are discussed. 


METHODS 


A pparatus.—The electrokymograph with photomultiplier tube RCA No. 
931-A used in this study was manufactured by the Cambridge Instrument 
Company, Inc., New York, N. Y. The recording device is the Cambridge 
Simpli-Trol Electrocardiograph, equipped for simultaneous recording of the 
electrokymographic tracing, heart sounds, and carotid sphygmogram. The speed 
of the camera was set at 50 mm. per second. 
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The variations in normal subjects are presented in this study; values for 
both supine and standing positions are included. The specific effects of posture 
on the phases of the cardiac cycle will be presented in a subsequent report.‘ 

Subjects.—The sixty subjects from which tracings were made are pre- 
dominately men. The age range is 15 to 59 years with 80 per cent of the subjects 
in the age group between 19 and 30 years. All of the subjects were free of signs 
and symptoms of heart disease. 

Recording Procedure.—Tracings were made of the left ventricular border 
and the aortic knob with the subject in the posteroanterior position. The right 
ventricular border and pulmonary artery tracings were recorded in the right 
anterior oblique position. In the left anterior oblique position, the posterior 
border of the left ventricle and the ascending portion of the aorta were recorded 
in some of the subjects. The slit of the photomultiplier tube was placed per- 
pendicular to the border to be recorded. In the left ventricular tracings, as 
obtained in the posteroanterior position, the photo cell was placed approxi- 
mately one-third to one-half the distance from the apex to the base of the heart. 
Simultaneous carotid pulse and heart sound tracings were recorded in all subjects. 


MEASUREMENT OF PHASES OF THE CARDIAC CYCLE 
The divisions of the various phases of the cardiac cycle conform, in general, 
to those outlined by Wiggers.’ The application of these principles to electro- 
kymographic tracings has been pointed out by Boone and co-workers.*? In 
most cases the electrokymographic tracings follow either the general contour 
of volume curves (in the case of the ventricles) recorded with the cardiometer 
or resemble intra-aortic or intrapulmonic pressure tracings. The following de- 
scription presents a systematic method of measuring the significant phases 
of the cardiac cycle from the most readily obtainable electrokymographic trac- 
ings. Emphasis is placed upon the analysis of the aortic knob and left ventricular 
border tracings. Auricular tracings are not discussed. 


Aortic Knob Electrozymographic Tracing.—A typical tracing of the aortic 
knob is illustrated in Fig. 1. The general contour resembles the direct pressure 
curves of the aorta.® There is a rapid upswing of the curve to a summit, followed 
by the dicrotic notch and a gradual fall of the curve to a point where the next 
rapid upswing begins. The rapid upswing of the curve may terminate in an 
anacrotic inflection such as is seen in Fig. 1. This anacrotic inflection is accen- 
tuated in certain types of valvular disease.° 

The events of systole may be separated into the various phases, as outlined 
by Wiggers for pressure curves,» much more readily from aortic electrokymo- 
graphic tracings than from ventricular border tracings. Certain landmarks 
are present on the electrokymographic tracing which aid in the delineation of the 
separate phases of systole; in other instances, timing devices (heart sound and 
carotid sphygmogram) must be employed to denote the onset of various phases. 
With the combination of landmarks and timing devices the various phases of 
systole can be separated and their durations in seconds measured from the trac- 
ing of the aortic knob. However, with both landmarks and timing devices 
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there are certain inherent errors introduced which should be pointed out. These 
errors can be discussed with more clarity under the separate phases, but, in gen- 
eral, it may be said that the use of landmarks on the tracings themselves introduces 
errors in timing when positional movements rather than volume changes affect 
the contour of the tracing. Timing devices, such as heart sounds and carotid 
sphygmograms, introduce errors in the delineation of phases when marked asyn- 
chronistic ejection of the ventricles is present or when recording lags are not 
accounted for. 
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Fig. 1.—An electrokymographic tracing of the aortic knob is shown with markings illustrating the 
delineation of phases of the cardiac cycle. Carotid syphgmogram and heart sounds appear above the 
electrokymographic tracing. The break present in the black lines 1 and 4, drawn from heart sounds to 
electrokymographic tracing, allows for the recording lag between heart sound and electrokymograph. 
The distance between vertical white lines represents 0.04 second time markings at a camera speed of 


50 mm. per second. 
Line 1, from the first heart sound, denotes the onset of isometric contraction. Line 3, through the 


summit of the aortic curve, divides rapid and reduced ejection. Line 4 is drawn from the onset of the 
second heart sound. Line 5 is drawn through the incisura of the aortic tracing. 


The phases of systole which can be determined from electrokymographic 
tracings of the aortic knob (Fig. 1) are isometric contraction, rapid (maximum) 
ejection, and reduced ejection. 


1. Jsometric contraction.—-The first phase of systole, isometric contraction, 
may be defined as the phase when the ventricles are contracting isometrically 
with all valves closed, and intraventricular pressure is rising rapidly. There is 
no constant and dependable landmark on the tracing of the aortic knob which 
can be used to denote the onset of this first phase of systole. Small inflections 
are inconstantly present before the rapid upswing of the curve. Wiggers® noted 
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similar inflections in pressure curves of the aorta but did not find that they 
consistently marked the onset of isometric contraction. Some timing device, 
therefore, must be employed to denote the beginning of this phase. Theoreti- 
cally, the beginning of the maximum vibration of the first heart sound denotes 
the onset of isometric contraction of the ventricles.’ Practically, however, the 
frequent occurrence of asynchronistic contraction of the ventricles makes the 
determination of the onset of isometric contraction quite difficult. In this 
connection, there is evidence that the onset of ventricular contraction in the two 
sides of the heart may vary normally by as much as 0.03 second.* Under these 
conditions the first major detlection of the first heart sound may be considered 
a valid reference point only when the two ventricles contract synchronously or 
when the ventricle being studied is the first to undergo contraction. However, 
since the variation in the time of onset of contraction is normally not great 
in most individuals, the first maximum vibration of the first heart sound bears 
a rough relationship in most cases to the onset of isometric contraction. In 
our apparatus the electrokymographic tracings have an average lag of 0.015 to 
0.020 second behind the heart sounds, for which allowance is made in denoting 
the onset of isometric contraction (line 1 in Fig. 1). 


Isometric contraction ends with the opening of the semilunar valve and 
ejection of blood into the aorta. Wiggers used the abrupt and sharp upward 
movement of the aortic pressure curve to denote the end of isometric contraction 
and the beginning of rapid ejection.” However, in electrokymographic tracings, 
it must be remembered that positional movements (rather than actual ejection 
of blood into the aorta) of the aorta may occur in such a fashion as to cause a 
similar upward swing of the curve. In such a case another error is introduced 
in the calculation of the duration of this phase. With due consideration to these 
possible errors, the phase of isometric contraction may be delineated as extending 
from the beginning of the maximal vibration of the first heart sound to the abrupt 
upsweep of the ejection curve (indicated by line 1 to line 2 in Fig. 1). 


phase is usually indicated by an abrupt and sharp upward movement of the 
aortic electrokymographic tracing. This interpretation of the tracing is subject 
to the error of positional movement of the aorta mentioned previously. The 
termination of the phase of maximum ejection probably represents a change 
in rate of ventricular ejection of blood, and, for uniformity, the summit of the 
aortic curve is selected as the dividing line between rapid and reduced ejection.’ 


2. Rapid ejection (maximum ejection).—The beginning of the rapid ejection 


The summit is designated by line 3 in Fig. 1. 

3. Reduced ejection.—Reduced ejection begins at the summit of the aortic 
ejection curve, designated by line 3 in Fig. 1. The end of the ejection phase 
occurs with the closure of the aortic valve, usually corresponding with the begin- 
ning of the downward sweep in gradient at the onset of the incisura, or predicrotic 
notch, on the aortic tracings. If the onset of the incisura is sufficiently pro- 
nounced (on the aortic tracing), no additional timing device is needed to denote 
the end of ejection. However, when it is difficult to determine the onset of the 
incisura, the onset of the second heart sound is used to determine this point. 
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We have found that the onset of the second heart sound is more often simul- 
taneous with the onset of incisura than with the dicrotic notch.” 

The use of the second heart sound as a reference point is—as was the case 
of the onset of isometric contraction with the first heart sound—fraught with 
considerable difficulty caused by asynchronistic closure of valves of great vessels. 
In many cases it is, however, a helpful reference point to determine the end of 
ejection. 

In Fig. 1, reduced ejection is delineated by line 3 to line 4. 

4. Total ejection and total systole.—Total ejection is the sum of rapid and 
reduced ejection. Total systole includes total ejection plus isometric contraction. 

5. Protodiastole.—Protodiastole, the first phase of diastole, represents the 
time of closure of the semilunar valve.’ It is represented on the aortic tracing 
by the duration of the descending limb of the incisura (onset to dicrotic notch).° 
When the incisura is sharply defined, the duration of protodiastole may be meas- 
ured directly. If the onset of the second heart sound is used to denote the onset 
of protodiastole, the duration of this phase is again subject to the errors introduced 
by asynchronism of the ventricles. 

Protodiastole is demarcated by line 4 to line 5 in Fig. 1. 

6. Diastole—Other than protodiastole, the phases of diastole cannot be 
further separated on the tracing of the aortic knob with consistency. 

Left Ventricular Border Tracing.—Fig. 2 illustrates a left ventricular border 
tracing. The major features of this tracing, which resembles the direct ventricular 
volume curve, consist of a downward sweep of the curve following the first heart 
sound (ejection phase) and an upsweep of the curve between the second and the 
first heart sounds (filling phase). There may be many normal variations in the 
exact shape of this curve depending upon the areas of the ventricles over which 
the photo cell is placed, the heart rate, and other factors.!“ 

The analysis of the left ventricular border tracing may be outlined as follows: 

1. Systole-—The onset of the first maximum vibration of the first heart 
sound is usually used to denote the onset of systole on the ventricular border 
tracing. This method of determining the onset of systole is again subject to the 
errors introduced by asynchronism of the ventricles. There are no clear cut and 
consistent changes in contour of the ejection phase of the ventricular curve which 
facilitates the division of systole into its various phases. The durations of the 
subdivisions of systole are, therefore, best determined from recordings made over 
large vessels. The end of systole may or may not coincide with the lowest portion 
of the downward sweep of the curve following the first heart sound, as positional 
movements of the heart are prominent during this phase.’"* The end of systole 
may be determined by the time of onset of the second heart sound. In Fig. 2, 
the phase of systole is delineated by lines 1 to 4. 

2. Protodiastole plus isometric relaxation.—The first two phases of diastole 
cannot always be sharply separated on the ventricular tracing. Protodiastole 
represents the time of closure of the semilunar valves and, according to Wiggers,° 
extends from the onset of the incisura to the notch of the incisura on aortic pres- 
sure curves. If the second heart sound is assumed to coincide with the onset 
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of the incisura,’ then the onset of the second heart sound usually denotes the 
onset of protodiastole on the ventricular tracing. The total phase of protodiastole 
may be determined from the aortic tracing as already outlined. 

Isometric relaxation, the second phase of diastole, represents the phase of 
decline in pressure within the ventricle during a time when all valves are closed, 
and, hence, the ventricle is relaxing isometrically. This phase ends with opening 
of the mitral and tricuspid valves and onset of the filling of the ventricle. During 
this period the heart is again undergoing marked positional movements, and the 
changes in contour of the ventricular curve do not necessarily represent volume 
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Fig. 2.—An electrokymographic tracing of the left ventricular border with method of delineating 
the diastolic phases of the cardiac cycle. Line 1 is drawn from the onset of the first heart sound, line 4 
from.the onset of the second heart sound. Line 6 is drawn from the onset of the upswing of the filling 
curve. Line 7 is drawn through the change in gradient of the filling curve, from rapid upswing to flat- 
tened curve. 


changes within the ventricle. Therefore, the end of isometric relaxation, or the 
onset of rapid filling, is often a difficult point to locate in the demarcation of 
phases. This is true because occasionally the terminal portion of the ventricular 
curve during isometric relaxation is absorbed in the upswing of the curve of the 
filling phase. In the typical ventricular tracing there is often first a slight rise 
in the curve during isometric relaxation. The curve may then fall to be followed 
by the abrupt upswing of rapid filling, this upswing marking the end of isometric 
relaxation. If this rapid upswing is present, there is little question as to the 
place where isometric relaxation ends. Frequently, however, the slight upswing 
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in isometric relaxation is not followed by the downward movement, and the 
terminal portion of isometric relaxation is absorbed within the major upswing 
of the filling phase. Even in this case there is often a slight to marked change in 
gradient in the upswing which denotes the end of isometric relaxation. Fig. 3 
represents this phenomenon. Beth types of tracings may be obtained in the same 
individual, and the duration of the phase can be found to be identical in each 
instance if measured as outlined previously. There are occasional tracings in 
which the end of isometric relaxation cannot be determined. Positional move- 
ments of the heart are thought to be responsible for these variations.*7"° Line 4 
to line 6 in Fig. 2 delineates the phase of protodiastole plus isometric relaxation. 
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Fig. 3.—A schematic diagram of some of the variations in contour of the ventricular border tracings 
of normal subjects during the phase of protodiastole and isometric relaxation, as discussed in the text, 
is illustrated in this figure. Line 4 (asin Figs. 1 and 2) represents the onset of the phase and is drawn 
from the onset of the second heart sound. Line 6 represents the end of isometric relaxation. ‘The dura- 
tion of the phase is the same in each type tracing if the criteria outlined for the demarcation of the phase 
of isometric relaxation are followed. 


3. Rapid filling.—Rapid filling begins with the onset of the upsweep of 
the curve following isometric relaxation. The end of rapid filling is characterized 
by a change in the gradient of the curve (Fig. 2, lines 6 to 7). With fairly long 
cycle lengths, there is usually a sharp upswing of rapid filling ending in a plateau. 
In such cases the end of rapid filling is the beginning of the plateau. In shorter 
cycle lengths the change in gradient may not be as abrupt, but a distinct change 
in gradient is usually present, separating the upward motion of the filling curve 
into a rapid upswing followed by a less rapid ascent of the curve. 


4. Reduced filling (diastasis plus auricular systole).—Reduced filling begins 
with the end of rapid filling and ends with the closure of the atrioventricular 
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valve or the first heart sound (Fig. 2, lines 7 to 1). There is sometimes a small 
terminal peak in the filling plateau before the onset of the first sound. This 
may or may not represent auricular systole but is present so inconstantly that the 


precise determination of auricular systole from the ventricular tracing is not 
always practical. In this study, the phase of auricular systole has therefore been 


included within the phase of reduced filling. 


RESULTS 


Duration of Phases of Cardiac Cycle.—The mean durations of systolic and 
diastolic phases of the cardiac cycle and range of values are listed in Table I. 
Standard deviations are shown for some of the variable phases of the cardiac 
cycle. Systolic phases are listed separately as measured from the aortic knob, 
ascending aorta, and pulmonary artery, for comparison. The duration of, 
diastolic phases as measured from left and right ventricular border tracings is 
also listed. 

Systolic Phases (Table I).—I\sometric contraction measured from the aortic 
knob has a mean duration of 0.05 second as compared to 0.04 second measured 
from tracing of ascending aorta. This difference of 0.01 second is within the 
limits of error in measuring electrokymographic tracings; however, this may 
represent the transmission time from semilunar valve to aortic knob which has 
been estimated by others to be 0.015 sccond.* The duration of isometric con- 
traction in pulmonary artery tracings was approximately the same as measured 
from the ascending aorta. 

The duration of the phases of ejection was similar as measured from the 
ascending aorta, aortic knob, and pulmonary aorta. 

Diastolic Phases (Table I).—The duration of protodiastole as measured 
from arterial tracings had an average of 0.04 second with a very narrow range. 
The duration of protodiastole plus isometric relaxation, as measured from ven- 
tricular tracings, revealed no significant difference between right and left ven- 
tricle. The duration of isometric relaxation alone may be approximated by 
subtracting 0.04 second (for protodiastole) from the total of isometric relaxation 
plus protodiastole. 

The duration of the phase of rapid filling averaged 0.17 second for the left 
ventricle and 0.15 second for the right ventricle. It does not appear, therefore, 
that there is a significant difference in duration of the rapid filling phase of the 
right and left ventricle. 

The duration of reduced filling (diastasis) revealed the wide range of values 
expected with this phase, which varies strikingly with heart rate. Total diastole 
likewise exhibited a wide variation in duration. 

Effect of Cycle Length on Duration of Phases of Cardiac Cycle.—The duration 
of the phases of the cardiac cycle was plotted graphically against total cardiac 
cycle length. The duration of isometric contraction did not have a direct rela- 
tion to total cycle length (Fig. 4). Cycle length appeared to have no close 
correlation to the duration of rapid ejection (Fig. 5). The duration of reduced 
ejection, however, (Fig. 6) showed a significant increase with prolonged cycle 
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Fig. 4.—A scatter graph of the duration in seconds of the phase of isometric contraction plotted 
against the total cycle length in seconds reveals no apparent tendency for this phase to lengthen with 
longer cycle length. 
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Fig. 5.—The duration in seconds of the phase of rapid ejection plotted against total cycle length reveals 
no consistent prolongation of this phase with the longer cycle length. 
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REDUCED EJECTION 
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Fig. 6.—The duration of the phase of reduced ejection in seconds plotted against cycle length shows a 
tendency for this phase to be prolonged in duration with the longer cycle lengths. 


70 


TOTAL SYSTOLE 


° 


ae 


je Aortic Knob 


Seconds 


80.90 100 110 1.20 1.30140 
Cycle Length 


Fig. 7..-The duration in seconds of total systole plotted against cycle length reveals a significant direct 
correlation of this phase with cycle length. 
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The duration in seconds of the combined phases of protodiastole and isometric relaxation 


Fig. 8. 
graphically plotted against total cycle length reveals no apparent direct correlation with the total 


eycle length. 
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The rapid filling phase of diastole is plotted against the total cycle length. There is a tendency 


Fig. 9. 
for the duration of this phase to lengthen with the longer cycle lengths. 
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REDUCED FILLING 
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Fig. 10.—The marked direct correlation between the phase of reduced filling (diastasis plus auricular 
systole) and total cycle length is illustrated. 
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Fig. 11.—The duration of total diastole in seconds is plotted against cycle length in seconds and shows a 
definite prolongation of diastole with the longer cycle lengths. 
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lengths. The direct correlation of total systole with cycle length is illustrated 
in Fig. 7. The duration of protodiastole plus isometric relaxation did not 
increase with the longer cycles as seen in Fig. 8. Rapid filling showed a ques- 
tionable tendency to increase with increasing cycle lengths as noted in Fig. 9. 
The direct correlation of the phase of reduced filling (diastasis plus auricular 
systole) with cycle length has long been recognized (Fig. 10). Since total diastole 
includes the above-mentioned phases, its relation to cycle length represented a 
summation of its components and therefore tended to vary directly with cycle 
length (Fig. 11). 
DISCUSSION 


The electrokymographic tracing of border movements of the heart and great 
vessels provides an easy and accurate method for a study of the mechanical 
events of the cardiac cycle. Wiggers obtained volume and pressure curves of 
the heart and great vessels of dogs during filling and ejection of the ventricles 
and from these curves divided the cardiac cycle into distinct phases. Studies 
of the phases of the cardiac cycle in man have been made by Wiggers,!! Katz,” 
Burnstein, and Bohning and Plaut,' recording various combinations of peri- 
pheral venous and arterial pulse tracings with heart sounds, utilizing air segment 
capsules and optical methods of recording. However, a convenient and accurate 
method of studying the events of the cardiac cycle directly from the heart and 
great vessels of man was not available until the development of the electro- 
kymograph by Henny, Boone, and Chamberlain." The similarity of electro- 
kymographic tracings of ventricular and aortic border movements to volume 


and pressure curves obtained in ddgs enables the criteria for demarcation of 
phases of the cardiac cycle as outlinéd by Wiggers® to be directly applied to elec- 


trokymographic records. ‘ 

The average duration of the phases of the cardiac cycle measured by the 
method outlined have been presented in Table I. There is no grossly significant 
difference in the average duration of the phases of the cycle in normal human 
subjects as measured from the left heart (aortic knob and left ventricle) as com- 
pared to the right heart (pulmonary artery and right ventricle). 

In Table II the durations of the various phases of the cardiac cycle as de- 
termined from electrokymographic tracings are compared to durations found by 
other methods. Most of the phases of systole and diastole measured show 
fairly wide ranges of values in these normal subjects. A few of the various 
factors which affect the duration of these phases are known, but many are 
not well understood. Some of the influences which have been found to alter the 
duration of these divisions of the cardiac cycle have been studied in man and in 
animals. In addition to variations associated with alterations in heart rate, the 
effect of posture, increased venous return, and changes in peripheral resistance 
have been shown to produce definite alterations in the duration of some of these 
phases. 

When the systolic phases of the cardiac cycle were considered, it was noted 
that isometric contraction had a duration of 0.03 to 0.08 second in normal sub- 
jects. This range is probably too wide, and the longer durations are possibly 
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erroneous due to the fact that asynchronistic ejection of the ventricles may in- 
crease the duration of this phase by at least as much as 0.03 second.* Cycle 
length, as illustrated in Fig. 4, appears to have no direct effect upon the duration 
of isometric contraction. Wiggers had previously found no direct relationship 
between heart rate and the duration of isometric contraction in man.'' Change 
in posture from the recumbent to the upright position was not found to alter the 
duration of this phase.‘ It has been found, however, that this phase tended 
to lengthen in dogs when peripheral resistance was increased by clamping the 
abdominal aorta." 

The duration of the phases of rapid and reduced ejection, as measured in 
this series, reveals a fairly wide range of values in normals. When the duration 
of these phases in seconds is plotted against total cycle length, as in Figs. 5 and 6, 
there is no apparent tendency for the phase of rapid ejection to be prolonged with 
the longer cycle lengths, while the phase of reduced ejection does show a tendency 
to lengthen in duration with the longer cycle lengths. With regard to the 
effect of posture, it has been shown by Lombard and Cope’* that the duration of 
total systole is shortened when the position of the subject is changed from re- 
cumbent to upright posture. This shortening has recently been corroborated 
by the electrokymographic studies, which further reveal that both rapid and 
reduced ejection shorten in duration upon assuming the upright posture.’ 
Wiggers'’!* and Katz'®?° studied the effect of increased venous return and in- 
creased arterial resistance upon the ejection phases in dogs under conditions of a 
constant heart rate. They found that rapid infusion of saline prolonged the 
duration of ejection, with reduced ejection lengthening before maximum ejection. 
If the infusion was continued until high venous pressures were reached, with 
decompensation and dilatation of the ventricles ensuing, a subsequent shortening 
of the ejection phase occurred. These investigators also found that increased 
arterial resistance, produced by clamping of the abdominal aorta, produced a 
sudden shortening of ejection’? with a greater relative shortening of reduced, 
as compared to rapid (maximum), ejection.’ Increased arterial resistance pro- 
duced by epinephrine had the same effect on ejection as clamping the abdominal 
aorta, possibly due to increased arterial resistance as well as to a direct effect 
of epinephrine on the myocardium, producing a shortening of the contraction’ 
period.'’? Arterial resistance, produced by clamping the aorta near the aortic 
valve, was associated with an immediate retention of blood in the ventricle and a 
lengthening of ejection most marked in the phase of rapid (maximum) ejection."” 
Heyer and associates,’ utilizing the electrokymographic technique, have found 
a definite tendency for the ejection phase to be prolonged in patients with aortic 
insufficiency. If systole is considered as a unit, it has been shown by Lombard 
and Cope,”!* Wiggers,'' and Katz?’ by other methods, as in the present study, 
to have a direct relation to cycle length. Total systole has been shown to shorten 
in duration with the upright posture,‘:'* with increased arterial resistance,!’*” 
and with cardiac decompensation” and to lengthen :n duration with increased 
venous return,!’?° 

Most of the diastolic phases of the cardiac cycle also show a fairly wide range 
of values in the normal subjects studied. Protodiastole, however, by all methods 
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of, determining its duration, has an almost constant value in normal subjects. 
The phase of protodiastole plus isometric relaxation, as measured from the ven- 
tricular border, reveals a wide scatter of values which show no direct relation of 
protodiastole or isometric relaxation to heart rate.'’ Since protodiastole has an 
almost constant duration, the variation in the combined phase must be in the 
duration of isometric relaxation. The duration of the phase of isometric relaxa- 
tion has been found to lengthen in the upright as compared to the recumbent 
posture.* Wiggers did not find a consistent alteration in the duration of this 
phase with rapid infusion of saline or increased arterial resistance produced by 
clamping the abdominal aorta.'’ However, with partial occlusion of the aorta 
near the aortic valve, the phase of isometric relaxation tended to lengthen in 
duration.'’ Boone has found an apparent lengthening of isometric relaxation in 
hypertension, myocardial infarction, and bundle branch block.’ 

The variations in the duration of the rapid filling phase were found in this 
study to be related to some extent to changes in heart rate. By contrast, 
Wiggers'’ and Bohning and Plaut!'' found no direct relationship between cycle 
length and the rapid filling phase. Factors other than cycle length appear to 
influence this phase profoundly. The upright posture in man is associated with 
an increase in the duration of the rapid filling phase, as compared with the 
recumbent posture, even though the cycle length is usually decreased in the up- 
right posture.‘ Furthermore, Wiggers found that increasing the venous return 
in dogs with infusion of saline produced an apparent increased velocity of filling, 
that is, a steeper gradient of the filling curve of both rapid filling and diastasis 
without an actual alteration in the duration of the phase in seconds.*?’ He 
also found a slight tendency for the duration of rapid filling to increase in duration 
with increased arterial resistance." 

The phase of reduced filling, as determined in this study, includes both 
diastasis and auricular systole. Diastasis has been noted to show marked varia- 
tions in duration with changing cycle lengths. There are apparently little 
recorded data to be found regarding the factors affecting the duration of the 
mechanical events of auricular systole. 

To summarize the factors altering the duration of diastole obtained from 
the present study, it may be said that diastole varies directly with heart rate 
(chiefly due to the variable phase of diastasis), but in general the duration of total 
diastole represents the summation of the duration of the various separate phases 
and probably is not altered in duration as a unit. 

Finally, it is important to emphasize some of the difficulties arising in the 
interpretation of electrokymographic tracings from contour appearances alone. 
As pointed out, positional movements occur most frequently during the periods 
of isometric relaxation and isometric contraction.®7'" Seemingly paradoxical 
movements during isometric contraction have been pointed out by Wiggers in 
dogs.® Thus caution must be used in interpreting upward and downward deflec- 
tions during these periods as reflecting volume changes or defects in the myo- 
cardium in areas from which they are recorded. Many tracings of ventricular 
borders from normal subjects have marked upward peaks during isometric 
contraction and marked downward as well as upward deflections during isometric 
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relaxation. The duration of the isometric relaxation phase, rather than its 
appearance, is the more reliable approach to interpretation of abnormal condi- 
tions. Changes in contour during the other phases of the cycle are more reliable; 
however, again they vary with the position along the border of the heart where the 
photo cell is placed.'* The duration of the phases of the cycle is remarkably 
similar in the individual subject regardless of the position where the photo cell is 
placed. Therefore, although contour changes may be important, great care must 
be exercised in interpretation based on appearance alone without adequate timing 
of events. 
SUMMARY AND CONCLUSIONS 


The phases of the cardiac cycle can be measured with reasonable accuracy 
from electrokymographic tracings of ventricular and arterial borders. A system 
of demarcating the various hemodynamic phases from such tracings is described. 
An analysis of the duration of various phases of the cardiac cycle in sixty normal 
subjects is presented, with the average duration, range, and standard deviation 
of the major phases of the cycle. 

The effect of heart rate upon the various phases is pointed out. There is 
an apparent direct correlation of cycle length with the phases of reduced ejection, 
total systole, reduced filling, and total diastole. There is a questionable cor- 
relation of rapid filling to cycle length. There is no direct correlation of cycle 
length to the phases of isometric contraction, rapid ejection, protodiastole, and 
isometric relaxation. 

Some of the difficulties in interpreting contour changes of such tracings are 
discussed. Alteration in the duration of the phases of the cardiac cycle, based 


upon a knowledge of duration of phases in normal subjects, is a useful and pro- 


ductive approach to the use of the electrokymograph. 
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THE EFFECT OF POSTURE ON THE CARDIAC CYCLE, POSTERO- 
ANTERIOR CARDIAC DIAMETERS, AND APPARENT STROKE 
VOLUME AS STUDIED BY THE ELECTROKYMOGRAPH 


E. E. EppLEMAN, JR., M.D., KATHRYN WILLIs,* AND 
Howarp E. Heyer, M.D. 


DALLAS, TEXAS 


HE purpose of this paper is to record observations on the effect of positional 
changes on the duration of the various physiological phases of the cardiac 
cycle, as well as to record changes in posteroanterior diameters of the heart caused 


by the assumption of the erect posture. The mechanics of postural adaptation 
are discussed, and some of the possible mechanisms responsible for the variations 
in the duration of the various phases of the cardiac cycle are considered. 


METHOD 


The electrokymographic equipment used was similar to that described by Henny and Boone.! 
The RCA No. 931-A photomultiplier tube was attached to the electrokymograph manufactured 
by the Cambridge Instrument Company, Inc., New York, N. Y. The recording device was a 
Cambridge Simpli-Trol Electrocardiograph, equipped to record both sound and carotid pulsations. 
The string of the galvanometer was set to deflect 1 cm. for 1 mv. The fluoroscopic apparatus was 
operated at 4 Ma. and at 80 kv. 


Observations were made on normal male medical students under basal conditions. Denso- 
grams were recorded with the photo cell placed over the anterior chest wall in front of the cardiac 
shadow, about one-fourth to one-third up from the apex to the base, as close to the midline as 
possible, avoiding the shadows of the vertebral column and of the descending aorta. Border 
tracings of the left ventricle and the aortic knob were recorded in the posteroanterior position. 
Tracings were made with the subject supine and then upright. The latter were recorded after 
the subjects stood for three to five minutes. The left ventricular border tracings were obtained 
with the photo cell placed about halfway up from the apex to the base of the heart. The aortic 
knob was used for convenience and for the facility with which it can be obtained. The durations 
of the various phases of the cardiac cycle, as measured from the aortic knob, have been found to be 
essentially the same as those from the ascending aorta.? In six subjects the effect of posture was 
studied as well as the effect of inflating venous tourniquets about the thighs at 80 mm. Hg in the 
supine position. The records were obtained about five minutes after the tourniquets were inflated. 
In addition, tracings were recorded in one subject in the supine position following a 750 c.c. 
venesection. 

The physiological subdivisions of the cardiac cycle are similar to those outlined by Wiggers* 
and also by Boone and co-workers.’ The methods for measuring’ the duration of these various 
phases of the cardiac cycle have been reported in a previous communication.” 
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The mean blood pressure was calculated by adding one-third the pulse pressure to the diastolic 
level.6 The blood pressures were measured with an aneroid blood pressure cuff. Peripheral 
resistance was calculated by using the formula:® 

in dynes sec. PM (mean pressure in mm. Hg) X 1332 
PR —— . 
cm.5 C.O. (cardiac output in ml. per second) 

The method for measuring the posteroanterior diameter of the heart and the method for 
apparent stroke volume are similar to the techniques reported by Ring and co-workers.’ Some 
modifications in the method have been made, and a detailed description of the procedure is ap- 
pended at the conclusion of this study. The values for stroke volume recorded in this paper are 
presumptive values estimated by the formula reported by Ring and co-workers.’ Although the 
calculated values are listed, conclusions in this paper are based on directional changes in the 


individual subject and not on absolute values. 


Protodiastole 

plus Rapid 
Isometric Filling 
Relaxation 


Isometric Rapid Reduced Total 
Contraction|| Ejection Ejection Ejection 


i Lyi -||Lying | |Stand-|/ Lyin, 
Lying Lying Lying ying ying ying ying 


Fig. 1.—The figure includes the scatter range of the durations for the various phases of the cardiac 
cycle in both recumbent and standing positions. All of the phases of systole are noted to decrease 
when the subjects were standing except a small increase in isometric contraction. The reduction in 
rapid ejection is especially significant since it is not affected by changes in heart rate.? Protodiastole 
plus isometric contraction and rapid filling increase in duration with subjects in standing position, 
indicating a decrease in the atrioventricular pressure gradient or a decrease in rate of diastolic filling. 
Diastasis is not included since its duration is related to the heart rate. The mean values are represented 
by the line across the column. 


RESULTS 
All values for the various phases of systole in both positions are found in 
Table I. Table II includes the values for the diastolic phase; diastasis is not 
included, since it is essentially a function of cycle length.? In this table are 
included blood pressure observations, presumptive stroke volumes, and peripheral 
resistance. The scatter graph of Fig. 1 demonstrates the relative distribution 
of values and their means for the significant phases in both systole and diastole. 
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The Effects of Posture on the Blood Pressure and Pulse.—The average increase 
in pulse rate associated with standing was found to be 22 beats per minute 
(from an average recumbent rate of 58 beats per minute to 80 beats per minute 
in a standing position). This increase in heart rate was uniformly associated with 
an increase in diastolic pressure and with an inconstant rise in systolic pressure. 
The peripheral resistance increased in all subjects on standing with an average 
of 363 absolute units. 


The Effect of Posture on the Systolic Events of the Cardiac Cycle.—The effect 
of the vertical position (see Table I) on duration of the isometric contracticn 
phase resulted in an increase in duration in eight subjects, decreased in two sub- 
jects, and remained unchanged in one. The change was small in all cases, was 
within the error of measurement, and was not considered significant. 

There was consistent shortening of rapid ejection, reduced ejection, total 
ejection, and total systole in Wie vertical position. The decrease in the duration 
of rapid ejection is of particular note, since it has been shown that the values for 
this phase are unaffected in human subjects with increasing cardiac rates or 
shortening cycle lengths.2, The individual cases are seen in Fig. 2. The mean 
decrease in total duration of systole, on the subject standing, was found to be 
0.08 second. Fig. 3 depicts the effect of posture on the total duration of systole. 
This was associated with a shortening of the average cycle length by 0.30 second. 
The expected decrease in duration is 0.04 second for total systole, calculated on 
the basis of the shortening of cycle length alone, as obtained by Wiggers.° 


The Effect of Posture on the Diastolic Phases of the Cardiac Cycle.—Proto- 
diastole plus isometric relaxation was measured together for convenience. It 
is noted from Table II that there was an increase in duration of protodiastole 
plus isometric relaxation on change from the recumbent to the standing posture. 
There was a decrease in duration in two subjects on standing; however, the mean 
increase was well beyond the range of error in measurement. 

Fig. 4 exhibits the effect of posture on the rapid filling phase in individual 
subjects. There was a consistent increase in duration of this phase during stand- 
ing as compared to recumbency. This increase in duration occurred despite a 
shortened cycle length. The significance of this finding will be discussed later. 


The Effect of Posture on the Posteroanterior Diameters of the Heart.—In nine 
out of the ten subjects in which there were measurements of the posteroanterior 
cardiac diameters in both supine and upright positions, there was noted an 
increase in the diastolic and systolic diameters when the upright posture was 
assumed. Fig. 5 illustrates the change in the posteroanterior diameters, as well 
as the apparent stroke volume, as the result of changing to the upright posture. 
The apparent stroke volume decreased an average of 38 per cent in the standing 
position from that noted in the supine position. 


The Effect of Posture and Venous Tourniquets on the Phases of the Cardiac 
Cycle.—Tables III and IV include the actual values for duration of the various 
phases of the cardiac cycle as influenced by posture and by venous tourniquets 
about the thighs. The apparent stroke volume and peripheral resistance are 
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THE DURATION OF RAPID EJECTION 
Lying and Standing 


Duration in Seconds 


— 


Lying 


Standing 


MG. CT. 


B.O. J. B. J.Brn 


V.C. 


Fig. 2.—The durations of rapid ejection with subjects in both recumbent and standing positions 


are represented by columns for the individual subjects. 


The decrease in duration is probably associated with an increase in force of contraction. 
such as stimulation of the cardiac accelerator nerves also tend to abridge the phase on standing. 


THE DURATION OF TOTAL SYSTOLE 


Lying and Standing 


The values decreased in all subjects on standing. 
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Fig. 3.—The figure includes the values for total systole represented as columns for the individual 
The decrease on standing is noted to be marked in all 


subjects in both supine and standing positions. 


cases. The reduction in total systole apparently is related to: 


(a) increased strength of contraction. 


(b) increased heart rate, (c) diminished stroke volume. (d) reflex neurogenic factors. and (e) other un- 


known factors. 
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included. Tables V and VI list the duration of the various phases of the cardiac 
cycle, stroke volume, and peripheral resistance on one subject as noted in the 
supine and upright positions, following a 750 c.c. venesection in the supine 
position. 

The systolic events were not altered significantly by the application of the 
venous tourniquets (Table III), even though the apparent stroke volumes were 
reduced and the peripheral resistance increased. It is uncertain whether the 
increase in peripheral resistance was the result of the mechanical effects of the 
tourniquets or whether the increased resistance was the result of a compensatory 
mechanism serving to maintain the blood pressure in the face of the diminished 
stroke volume. 


THE DURATION OF RAPID FILLING 


Luing and Standing 


Lying 
Standing 


in Seconds 


Duration 


Re BO SE WF RE VC. 


Fig. 4.—The figure includes the values for the rapid filling phase represented as columns for the 
individual subjects in both supine and standing positions. It is noted that rapid filling increased in all 
subjects on standing. The increase is probably due to pooling of blood in the legs, resulting in a slower 
rate of diastolic filling or a decrease in atrioventricular pressure gradient. 


The durations of isometric relaxation and rapid filling phases were definitely 
prolonged by the tourniquets, similar to that prolongation produced by standing 
(Table IV). Fig. 6 illustrates the effect of the venous tourniquets on the dura- 
tion of the rapid filling phase as compared to that found in the supine and stand- 
ing positions. Note that in some instances the duration Of the rapid filling phase 
actually surpassed that noted in the standing position. 


Venesection of 750 c.c. prolonged the duration of rapid filling phase in the 
supine position, similar to that prolongation produced by standing and by the 
venous tourniquets, without altering the apparent stroke volume (Fig. 6). 
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The Effect of Venous Tourniquets on the Posteroanterior Diameters of the 
ITeart.—The effects of posture and of venous tourniquets on the posteroanterior 
cardiac diameters are listed in Table VII. Four of the five subjects had a de- 
crease in the diastolic posteroanterior cardiac diameter as the result of applica- 
tion of the venous tourniquets in the supine posture. In one subject in which 
there was no decrease in the diastolic size, the systolic posteroanterior diameter 
increased, resulting in a diminished stroke volume. 


1.50 


Lying 
Posterior-Anterior Diameters —— 


PO MG. 4, CW R.B BO J.B DU. W.F VC. 


Fig. 5.—The figure includes the changes in the posteroanterior diameters of the heart for the indi- 
vidual subjects on standing. The apparent stroke volumes are included above the heart sizes. The 
top border of the shaded area represents the diastolic size, while the lower border represents the systolic 
size. The difference between the upper and lower levels of the shaded areas represents the excursion 
from diastole to systole as a result of cardiac contraction. Note that only one subject demonstrated 
a decrease in diameters on standing. All stroke volumes decreased when the subjects were standing— 
the over-all average being 38 per cent. The increase in posteroanterior diametersis probably due to shape 
changes of the heart associated with standing. 


The Correlation of Stroke Volume and the Phases of the Cardiac Cycle.—There 
was a direct correlation noted of the duration of total systole to the apparent 
stroke volume. The duration of total systole lengthened as the stroke volume 
increased. Fig. 7 illustrates this relationship. Note that the correlation does 
not hold as well at the extremes of the curve. Attempts were made to correlate 
the various other phases of the cardiac cycle with the stroke volume, but no 
correlations were found. Similar attempts were also made to correlate the dura- 
tion of rapid filling with the duration of ejection phases, but no correlation was 
found. The importance of the relation of stroke volume to total systole will be 


discussed. 
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DISCUSSION 


Postural Alterations in the Phases of Systole.—All of the phases of the systolic 
part of the cardiac cycle were shortened in duration on the subject standing except 
isometric contraction, which was prolonged in some subjects and shortened in 
others. Since this phase represents the time for the ventricular pressure to 
reach the level of arterial pressure, its duration is related to the height of the 
arterial diastolic pressure and the force of the systolic contraction. The diastolic 
pressure is elevated when the subject stands, which would tend to prolong the 
isometric contraction, while, if the force of ventricular contraction increased, 
this would tend to shorten this phase. There is evidence, as will be discussed, 
that increased force of contraction does take place while the subject is standing. 
As a result, the duration of isometric contraction could shorten or lengthen, 
depending on which factor predominated. As seen from the data in Table I, 
two cases did shorten while the remainder lengthened. However, these changes 
were small and within the error of measurement and were not considered sig- 


nificant. We are, therefore, unable to make conclusive statements concerning 


this phase. 


When the ejection phases are considered, it will be noted that the durations 
of rapid and reduced ejection, and hence total ejection, were abridged by assum- 
ing the upright posture. As has been previously pointed out,’ the duration 
of rapid ejection has no direct relationship to changes in rate; however, rate 
changes or cycle length does.influence the duration of reduced ejection. It is 
possible that the shortening noted in the duration of reduced ejection is partially 
due to the decrease in cycle length as the result of standing, and that the shorten- 
ing of rapid ejection noted when the subject stands is the result of other factors. 


Evidence accumulated by other investigators would suggest that the duration 
of the rapid ejection phase tends to shorten as the strength of contraction in- 
creases. The associated decrease in stroke volume noted with the upright posture 
does not necessarily exclude an increased strength of contraction, since the blood 
pressure and peripheral resistance were both elevated with the subjects standing. 
Wiggers found that the duration of rapid ejection shortened following the ad- 
ministration of epinephrine and with the compression of the abdominal aorta.* 
Compression of the aorta in the cat has been shown to release greater strength 
of contraction.'° The duration of total ejection has also been noted to be abridged 
by the stimulation of the cardiac accelerator nerves." Remington and his 
co-workers demonstrated that the injection of epinephrine and cardiac stimula- 
tion resulted in a more forceful but shorter contraction.'"* Most of the output 
occurred early in systole, and the ejection curves had a more rapid upsweep, 
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indicating that the duration of rapid ejection was shortened as well as the dura- 
tion of total systole;'? however, no measurements of rapid ejection were recorded. 
It is, therefore, possible that the cardiac accelerator nerves are excited by the 
change from the supine to the upright posture in a manner similar to that of the 
reflex mechanisms which elevate the blood pressure, and that part of the shorten- 
ing of rapid ejection and total ejection is the result of such a mechanism. 


THE DURATION OF RAPID FILLING 429 
26+ Lying, Standing and With Cuff 28 
427 
26+ 126 
25+ 425 
424 
22+ = 22 
20} 4.20 
— 7/9 
c 
3 J 5 5 40 
Wi 
96 70 72 80 63635 86 68 67 22 53 99 130 47 107 1 107 120 


Stroke Volume 


Fig. 6.—-The figure includes the duration of rapid filling, represented as columns, in six subjects, 
recumbent, standing, and recumbent with venous cuffs. The apparent stroke volume in cubic centi- 
meters is recorded under each column. Une subject is included in which there was a venesection of 750 
c.c. instead of venous tourniquets. It is noted that the tourniquets prolonged the duration of rapid 
filling similar to that prolongation found on standing, and in several instances even surpassed the dura- 
tion found when the subjects were standing. The increase in.duration associated with the venous cuffs 
adds further evidence that the duration of rapid filling is an indication of the atrioventricular pressure 
gradient. The prolongation noted following venesection in the presence of a normal stroke volume indi- 
cates that the duration of rapid filling is not necessarily related to volume of blood returning to the 
heart but to the rate of diastolic filling. 


In addition to the relationship of total systole to the strength of contraction, 
the duration may be influenced by the volume of blood being expelled. Fig. 7 
illustrates the direct relationship of the duration of total systole to the stroke 
volume. The correlation between total systole and stroke volume has been 
previously noted by Remington and co-workers in dogs,” using the pulse contour 
to calculate the stroke volumes. There are, however, certain limitations to this 
relationship. Previous studies of subjects, in which a shocklike state was pro- 
duced by prolonged motionless standing, failed to show a shortening of total 
systole even with a marked decrease in stroke volume." The decrease in the 
apparent stroke volumes as the result of the venous tourniquets also was not 
associated with an appreciable decrease in the duration of the phases of systole 
(Table III). It is possible, however, that part of the shortening in duration of 
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TaBLe VIL. ‘THe PosTEROANTERIOR DIASTOLIC AND SYSTOLIC DIAMETERS OF THE HEART IN 
Five SUBJECTS IN THE RECUMBENT POSITION, STANDING POSITION, AND RECUMBENT 
PosiITION FOLLOWING THE APPLICATION OF THE VENOUS CUFFS 


DIASTOLIC DIASTOLIC DIASTOLIC SYSTOLIC SYSTOLIC SYSTOLIC 

DIAMETER, DIAMETER, DIAMETER, DIAMETER, DIAMETER, DIAMETER, 

SUBJECT LYING STANDING WITH CUFFS LYING STANDING WITH CUFF 
(cM.) (CM. ) (cM. ) (CM. ) (CM. ) (CM. ) 
J. F. 6.47 6.99 6.35 5.90 6.58 5.90 
W. F. 7.08 7.25 6.80 6.50 6.84 6.35 
7.03 7.17 6.18 6.55 6.80 
H.H 6.67 6.98 6.67 5.87 6.66 6.03 
C.W 6.84 7.46 6.71 6.00 7.19 6.02 


both reduced and rapid ejection phases, noted when the subject is standing, is the 
result of a diminished stroke volume. 


Postural Alterations in the Phases of Diastole.—F¥or all practical purposes, 
in normal individuals protodiastole remains constant—0.04 second. (Proto- 
diastole begins with the second heart sound and terminates with the incisura.)* 
Because the duration of protodiastole remains constant, isometric relaxation is 
the only variable in the duration of isometric relaxation plus protodiastole in 
normals. The increased duration of isometric relaxation associated with standing 
probably indicates only that the pressure gradient between the auricle and 
ventricle has decreased when the subject is standing, due to the pooling of the 
blood in the legs. The prolongation of isometric relaxation by the venous cuffs, 
in the supine position, further indicates that it is a passive phase in normal 
subjects and depends chiefly on the pressure gradient between the ventricles and 
auricles. 

The duration of rapid filling is similarly prolonged in the standing position 
and by venous cuffs (Fig. 6). This indicates that the duration of this phase is 
an index of the rate of ventricular diastolic filling or the atrioventricular pressure 
gradient. The prolongation of the duration of rapid filling following venesec- 
tion, with an apparent stroke volume identical to the supine control, indicates 
that there is a slower rate of ventricular diastolic filling or a decrease in the’atrio- 
ventricular pressure gradient without a decrease in the minute volume of blood 
returning to the heart. There appears to be no evidence at present to indicate 
any active muscular factors present which influence the duration of rapid filling. 
Wiggers found that increasing the inflow load shortened the duration of this 
phase.’ This would add support to the above concept, since increasing the 
inflow load would increase the atrioventricular pressure gradient and hence 
shorten the duration of the phase of rapid filling. 


The Effect of Posture on the Posteroanterior Diameters of the Heart.—When 
the upright posture was assumed, the posteroanterior diameter of the heart was 
found to increase. In only one case was there a decrease in size. The systolic 
diameters, however, did increase to a greater degree than the diastolic diameter, 
when the subject was standing, resulting in a smaller systolic-diastolic excursion 
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(see Fig. 5). Moritz,“ on the contrary, found (by orthodiagrams) that the 
posteroanterior diameter decreased in four out of five subjects on change from the 
recumbent to the erect posture. The heart volume apparently does decrease 
as the subject stands when determined by calculations based on the anterior 
surface area as well as the posteroanterior cardiac diameter.’ At present, it 
appears that the increased posteroanterior diameters in our subjects on standing 
are due to shape changes of the heart (from a thin, flat heart to a more cylindrical 
heart) and are not due to a true volume increase. 


ee 
coe & 
L oe 
LO ° oOo 
rot oo 
g 2 co 
9:25 oo © Standing 
Supine 
°° 
40 60 80 100 120 140 


Stroke Volume-cc. 


Fig. 7..—-The scatter shows the cerrelation between the duration of total systole and the apparent 
stroke volumes in sixty-three separate observations in normal subjects. The closed circles represent 
the values with the subjects recumbent, while the open circles are values with the subjects standing. 
There is an apparent direct correlation between the duration of total systole and stroke volume. The 
figure suggests that the decrease of volume stroke when the subjects were standing is one of the mechan- 
isms involved in shortening total systole in the standing position. 


On application of the venous tourniquets, the posteroanterior diameters 
of the heart of four of the five subjects decreased in size as compared to the re- 
cumbent control (see Table VII). The decrease in heart size in these instances 
does suggest a decreased heart volume since there has been no change in position 
from the control. 


Starling demonstrated that reduction in inflow load resulted in a decreased 
heart volume and a decreased systolic output.’* This mechanism probably ex- 
plains the decrease in minute cardiac output as the result of the application of 
venous tourniquets. 

SUMMARY AND CONCLUSIONS 


Electrokymographic studies of the posteroanterior diameters of the heart 
and of the duration of the various phases of the cardiac cycle as affected by posture 
have been made on healthy voung white men. The most noteworthy findings 
were as follows: 
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1. The change from the supine to the vertical posture was associated with 
the following alterations in the cardiac cycle: 
A. Shortening of the duration of rapid ejection, total 
ejection, and total systole. 
B. Prolongation of the duration of isometric relaxation 
and rapid filling. 
2. The duration of rapid ejection appears to be related to the strength of 
contraction. 
3. The shortening of the duration of total ejection and total systole, 
associated with standing, is apparently a combination of several factors including: 
A. Diminished cycle length 
B. Increased strength of contraction 
C. Diminished stroke volume 
D. Reflex neurogenic factors 
Unknown factors. 


“4 


4. The dtration of the rapid filling phase is an index of the rate of ven- 
tricular diastolic filling, since the duration was prolonged by standing when the 
venous return was impaired by pooling of blood in the legs. 

5. The durations of isometric relaxation and of the rapid filling phases 
appear to be dependent primarily upon the atrioventricular pressure gradient. 

6. The application of venous tourniquets was associated with the following 
alterations in the phases of the cardiac cycle: 

A. There was no effect on the duration of the phases of 
systole, even in the presence of an increased peripheral 
resistance. 

B. The duration of rapid filling was prolonged (similar 
to that found on standing). The prolongation of the 
rapid filling phase indicates that there was a slower 
rate of ventricular diastolic filling as a result of the 
venous tourniguets about the thighs. 

7. Venesection in the supine position produced a prolongation of the rapid 
filling phase, similar to that found when the subject was standing, although. there 
was no associated decrease in stroke volume. This indicates that, although the 
duration of rapid filling is an indication of the rate of ventricular diastolic filling, 
the minute volume of blood returning to the heart may not necessarily be dimin- 
ished with a prolongation of rapid filling. 


APPENDIX 


THE METHOD FOR THE DETERMINATION OF THE POSTEROANTERIOR CARDIAC DIAMETERS AND 
APPARENT STROKE VOLUMES WITH THE ELECTROKYMOGRAPH PRINCIPLE 


The following detailed description of the method used in this study for the determination of 
the posteroanterior cardiac diameters represents a modification of the technique previously reported 
by Ring and co-workers.’ 

The apparatus is so constructed that the RCA-photomultiplier tube is condenser-coupled to 

he amplifier. As a result of this arrangement, the string galvanometer will not record actual 
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density but only changes in density. (There is, therefore, no base line from which to measure). 
The principle for determining thickness is based on the fact that by moving a small sheet of press- 
wood* in and out of the x-ray beam, the deflection of the string of the galvanometer produced is 
proportional to the total thickness of the mass in the x-ray beam. 


A large mass of presswood is placed in the x-ray 


Determination of the Diastolic Heart Size. 
beam. A thin section of presswood is now moved in and out of the x-ray beam. This is repeated, 
keeping the thickness of the thin section constant, while varying the thickness of the larger mass 
of presswood. The size of the deflections produced by the thin section of presswood over the large 
mass is now plotted on semilogarithmic paper. The size of the deflection is the ordinate, while 
the total thickness is the abscissa. With our apparatus we found that 20.00 cm. to 23.00 cm. of 
presswood were necessary to supply a mass sufficient to calibrate a dial setting of the potenti- 
ometer that could be used on normal subjects. We used presswood of 0.74 cm.f to move in and out 
of the x-ray beam over the above thicknesses (19.00 to 23.00 cm.). It is necessary to calibrate 
each dial setting being used, since the curves vary as to the amplification. The graphs thus ob- 
tained are straight lines on semilogarithmic paper. 


After the densogram is taken, 0.74 cm. of presswood are moved in and out of the x-ray beam 
while the photo cell is still over the heart, taking care that neither the patient nor the photo cell 
moves between the recording of the densogram and the calibration. The calibrations are meas- 
ured and several averaged, since they vary slightly in size depending upon the position in the 
cardiac cycle in which they occur. Due to the fact that diastole is longer in duration than systole, 
more calibrations are obtained in diastole. If a sufficient number are measured and averaged, the 
diastolic size of the heart and chest may be determined by the use of the graph as just described. 


The photo cell is then placed over the right chest about 3 cm. above the dome of the dia- 
phragm. A phantom heart of presswood, about the size of the normal heart (7.00 cm.), is placed 
between the chest and photo cell. By now calibrating with the 0.74 cm. of presswood, the thick- 
ness of the chest plus the phantom heart can be determined similarly. By subtracting the size 
of the phantom heart, the size of the chest is obtained. The size of the chest is now subtracted 
from the thickness of the chest plus “he heart, giving the size of the heart in diastole. 


Determination of Systolic Heart Size —The excursions on the densogram represent the change 
in thickness from diastole to systole. However, the size recorded varies, depending upon the 
thickness of the heart and the chest. Thus the size of the excursions cannot be used directly in 
determining the actual size of the heart in systole. (That is, an excursion of 6 mm. with a heart 
and chest 23.00 cm. in size may represent a change of 0.45 cm. from diastole to systole, while the 
same excursion of 6 mm. may represent only 0.23 cm. change with a heart and chest of 19.00 cm. 
in thickness.) A second graph must be set up to determine systolic size. ‘Again, these must be 
calibrated for each dial setting of the potentiometer used. Since no base line is present, the actual 
“‘intensities’’ at various thicknesses must be calculated indirectly. 


Deflections are produced over a mass of presswood (which we found by trial would vary from 
19.00 to 23.00 cm. in thickness to produce suitable deflections) by removing in rapid fashion 
0.37 cm., 0.74 cm., 1.11 cm., and 1.48 cm. of presswood. In each instance, we began with the 
same large mass before removing the above varying sizes. These deflections are measured in 
I+d 

I 
the deflection produced by removing “‘t’’ thicknesses of presswood and “‘I,”’ in arbitrary units, 
is the intensity of x-rays after passing through the total thickness of presswood. “I” can be cal- 
culated for the total mass used by equating two such formulas. Example: The deflection pro- 


millimeters. The following formula is used to determine “I”: log = Kt, where “‘d” is 


*Ordinary presswood or masonite was used for the calibrating material, as well as for the determina- 
tion of ‘‘intensity,’’ as will be described later. Ring has shown that masonite has the same absorption 
for all practical purposes of roentgen rays as blood.’ We have shown this to be true with the masonite 
we are using. The facility with which presswood can be handled makes it ideal for both setting up the 
curves and calibrating to determine thickness. 

+Presswood of 0.74 em. was used only for convenience. 
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duced by removing 0.37 cm. of presswood = 5 mm. The deflection produced by removing 0.74 
cm. of presswood = 11 mm. Then: 
log I+5) ~ ky 0.37 
I 
I+ 11 
and log 7 ~ = K X 0.74 
By equating the two, 
1+ 5 I+ 11 
2 log = log 


By solving for “‘I,”’ “‘I’’ equals 25, which is the “‘intensity”’ for the total thickness used (in this 
case, 21.00 cm.). Then the “I” at 19.63 cm. would equal 25 + 5 = 30 and “I” at 19.16 cm. would 
equal 25 + 11 = 36. 

“I” as thus found is plotted against the above thicknesses on semilogarithmic paper. 
“I” is the ordinate and thickness is the abcissa. 

The point on the densogram corresponding to the first heart sound was taken as the diastolic 
position or thickness, while the part corresponding to the second heart sound was taken as the 
systolic position or thickness. The difference between the level of the two points represents the 
decrease in density of the heart associated with the decreased volume as the result of ejection. 
This difference is measured in millimeters from the densogram. This value of the size of the ex- 
cursion on the densogram is added to the ‘‘intensity”’ for the thickness of the heart plus chest in 
diastole found by referring to the second graph. The resulting intensity corresponds to the size 
of the heart plus the chest in systole. By subtracting the size of the heart plus chest in systole 
from the value in diastole, the change in thickness associated with ejection or systole is obtained. 
This is now subtracted from the size of the heart in diastole (already obtained), the remainder 
being the size of the heart in systole. 


An example of a typical calculation is as follows: Deflection produced by removing 0.74 mm. 
of presswood over the heart equals 8 mm. The deflection of 8 corresponds to 23.00 cm., which is 
the estimated thickness of the heart plus chest (as obtained from the first graph). 

Deflection produced by removing 0.74 cm. of presswood over the chest plus the phantom 
heart equals 7.8 mm. The deflection of 7.8 mm. corresponds to 22.76 cm., the thickness of the 
phantom plus the chest. 


Thus: Chest + phantom = 22.76 cm. 
Phantom size = 7.04 cm. 
Chest Thickness = 15.72 cm. 
Then Heart + chest = 23.00 cm. 
Chest = 15.72 cm 

Heart diameter in 
diastole = 7.28cm. 


The excursion size from the densogram equals 7 mm.; the “intensity"’ for 23.00 cm. (using 
the second graph) equals 43. The intensity for the heart plus the chest in svstole (43 + 7 = 50) 
corresponds to a thickness of 22.54 cm. 

By subtracting the thickness of the heart plus the chest in systole from the thickness of the 
heart plus the chest in diastole (23.00 — 22.54 cm. = 0.46 cm.); the difference in posteroanterior 
thickness of the heart between svstole and diastole is obtained. 


Then: The diastolic heart diameter = 7.28 cm. 
Excursion size = 0.46cm. 
The svstolic heart diameter = 6.82 cm. 
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Estimation of the Stroke Volumes.—Estimation of stroke volumes was determined by using 
the formula of Ring and co-workers.’ Stroke volume equals 12.2 (T? diastolic size — T? systolic 
size), when ‘“‘T”’ is the thickness of the heart in diastole and systole. 

Whether the apparent stroke volumes as calculated by this procedure actually represent close 
approximations of the true stroke volumes is uncertain at present. The values obtained are 
similar to those reported with the Fick method. The average of twenty-three separate observa- 
tions agrees with the results of other methods in showing about an 18 per cent decrease in minute 
output on changing from the recumbent to the verticle posture. The conclusions in this paper, 
however, are not based on absolute values but on directional changes which occur in the indi- 
vidual subject. The apparent stroke volumes estimated from the above formula are the figures 
recorded in this paper. 

Once the ‘“‘curves’’ are determined for several usable dial settings of the potentiometer, the 
measurements of cardiac thickness and of stroke volume are simple and quickly calculated. No 
elaborate apparatus is necessary other than the usual electrokymographic equipment and some 
presswood to set up the graphs. 
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OBSERVATIONS ON THE GENESIS OF THE 
ELECTROCARDIOGRAM 


Ray H. RosENMAN, M.D.* 


CHICAGO, ILL. 


N THE past few years the opportunity was presented to review a large 

number of electrocardiograms in an attempt to evaluate the utility of the 
aV limb leads for routine clinical electrocardiography.!| During the course of 
these studies certain observations were made which cast some doubt on the 
validity of the classical interpretation of certain QRS deflections and the genesis 
of the electrocardiogram as promulgated by Lewis? and developed, in particular, 
by Wilson and his associates.’ 

The “intrinsic deflection” refers to the large abrupt downstroke of the R 
wave in direct epicardial leads recorded by connecting the exploring electrode 
with the central terminal (V lead) ;?* the peak of the R wave has been considered 
to represent the end of activation of the muscle just beneath the exploring elec- 
trode.2** V chest leads cannot be interpreted in exactly the same manner since 
they reflect the electrical events of every part of the heart in varying degree.*° 
However, since the magnitude of influence of any segment of myocardium varies 
inversely as its distance from the exploring electrode, normally the contour of a 
V chest lead is dominated by the electrical events occurring in the region of 
myocardium nearest that electrode. Thus, precordial leads tend to resemble 
rather closely direct epicardial leads recorded at corresponding positions.* 

The downstroke of the R wave in corresponding precordial and epicardial 
leads is thus considered to have the same significance. The drop to the base 
line, however, is less abrupt in precordial leads and has been termed the “‘in- 
trinsicoid deflection.’"» The time interval from the onset of QRS to the peak 
of R is said to represent time elapsing from the beginning of ventricular activation 
to the end of excitation of the myocardial segment subtended by the electrode.** 
The duration of the R wave itself is considered to represent the time elapsing 
during transmission of the impulse through the segment of myocardium underly- 
ing the electrode.’ 

Epicardial and precordial leads recorded over the normal right ventricle 
usually display mainly inverted complexes preceded by a small R wave, and 
those over the normal left ventricle ordinarily show an R wave often preceded 
by a small Q wave. Normally, the peak of the R wave in Lead V, invariably 
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occurs earlier in the QRS interval than it does in V; or V¢, the difference averaging 
about 0.02 second.*:» On this basis the R wave in V,; has been considered to 
represent the activation of the free wall of the anterior right ventricle, and the 
R wave in V; or V¢ the free wall of the anterolateral left ventricle.* The 
earlier peak of R in V, has been ascribed to the thinner right ventricular wall, 
permitting earlier arrival of the impulse at its epicardial surface*** and resulting 
in asynchronous activation of various parts of the ventricular surfaces.?*:7 

The interpretation given to the R wave and its downstroke in V, can 
be questioned in view of the observations to be discussed. Recently intra- 
cavity leads obtained from the normal human right ventricle have seemingly 
demonstrated an early left-to-right septal activation® which would logically also 
contribute to the formation of the R wave in V,.4:"" Furthermore, the work 
of Cole and Curtis,’ recently accepted by Wilson and associates* and substan- 
tiated by Sodi-Pallares and his group,!" has shown that the activation of the sub- 
epicardial region probably occurs during the inscription of the downstroke of the 
R wave. Thus, more recently the R wave in V,; was considered as representing 
the early left-to-right septal activation and the excitation of all but the outer 
layers of the free wall of the anterior right ventricle. 

However, intracavity leads obtained from the right ventricle in normal man 
usually show an early R wave (attributed to early left-to-right septal activation) 
and an inverted deflection.*;*> The activation of the free walls of both left and 
right ventricles has similar effects upon the potential of the right ventricular 
cavity as regards direction but not magnitude." In accord with the dipole 
theory,*:"! the activation of the free walls of either ventricle is similarly reflected 
by a negative deflection in the ventricular cavity leads.” In further accord with 
the dipole theory, it would seem that a positive deflection in V; and a simul- 
taneous negative deflection in the right ventricular cavity lead in the normal 
man would largely reflect similar electrical events; both would seemingly be 
attributed to excitation of the free wall of the right ventricle. Furthermore, 
simultaneously recorded deflections in V,; and the right ventricular cavity which 
have the same direction could seemingly be attributed to forces developed during 
activation of the septum or free wall of the left ventricle." 

In normal subjects the small R wave in V; is almost identical and simul- 
taneous with the initial R in the right ventricular cavity lead." Since the R 
wave in the cavity lead cannot be attributed to forces developed during activa- 
tion of the free wall of the right ventricle but apparently only to left-to-right 
septal activation, it would appear unlikely that an identical deflection in V, 
would have a separate meaning; the forces incident to right ventricular activation 
are apparently not reflected as positive deflections, but serve only to lessen the 
amplitude of S waves in right chest leads and R waves in left chest leads by 
opposing the forces developed during left ventricular activation. It would 
seem that the forces incident to left ventricular activation exceed those due to 
excitation of the right ventricle. 

In right bundle branch block it has been recently shown*:-* that the initial 
small R wave in V; is probably due to the normal early left-to-right septal activa- 
tion and the late R wave to septal conduction below the site of block as well as 
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Fig. 1 Three tracings obtained from a normal 15-year-old girl. Record A was recorded prior to 
and record C one hour after intracardiac catheterization. Record B was recorded just after the catheter 
was withdrawn, right bundle branch block apparently having been produced by pressure of the catheter 
against the right side of the septum. Note that the initial small R waves in Leads V3r, Vir, and V; and 
the taller R waves in Leads V2 to V; are essentially unchanged in the three tracings, 
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activation of the free wall of the right ventricle. Fig. 1, A shows the tracing 
obtained from a normal 15-year-old girl. Fig. 1, B shows the right bundle 
branch block that was produced in this subject by pressure of an intracardiac 
catheter against the septum," which persisted for thirty minutes after the catheter 
was withdrawn. Fig. 1, C is a tracing obtained one hour later, which is similar 
to the original record. Since the initial R wave in V, during the right branch 
block has been shown to be most likely due to early left-to-right septal activa- 
tion,*:*-" it would seem that an identical R wave in V; in the same patient in the 
absence of the block would have the same meaning. It would again appear that 
the R wave in V;, in the normal subject does not reflect activation of the free 
wall of the right ventricle but merely the early left-to-right septal activation; 
the activation of the free wall of the right ventricle apparently occurs during the 
inscription of the downstroke of the K wave, serving to lessen the amplitude of 
the effects due to left ventricular activation. 

In instances of transient and intermittent right bundle branch block, the 
initial R wave in V, often remains essentially unchanged in the tracings with 
and without the block pattern.'* Again applying the reasoning discussed above, 
it would seem that the R wave in V, in the absence of the right branch block, 
like the initial identical R wave in V, in the presence of the block, could be 
attributed only to left-to-right septal activation. Furthermore, the initial R 
wave in V;, is usually identical and simultaneous with the R wave in right ven- 
tricular cavity leads in tracings showing temporary right branch block patterns, 
produced experimentally; the R wave in both leads remains essentially un- 
changed when the block disappears. Again applying the reasoning already dis- 
cussed, it would appear that the initial R wave in V,; can represent only left-to- 
right septal activation. 

In about 5 per cent of normal tracings a small secondary R wave is found in 
V, and/cr other right chest leads.°:":" In the normal subject with an otherwise 
normal electrocardiogram, there is no reason to assume that this pattern is 
abnormal.” This contour is illustrated in Fig. 2,4. There is considerable 
evidence that the conus arteriosus is activated as late or later than any other 
myocardial region.?**:7:'6.!7.°6 If reflected in the electrocardiogram, it would 
inscribe a late positive deflection in right chest leads (Fig. 2). In a sense, the 
downstroke of the secondary R wave in V, represents the “‘intrinsicoid deflec- 
tion’ of the conus region of the right ventricle. However, since the asyn- 
chronism of activation of various parts of each ventricle is apparently slight,’ 
the time interval separating the initial and final R waves in V, cannot logically 
be explained by this mechanism. This again would seem to support the idea 
that the early R wave in V, does not represent activation of the free wall of the 
right ventricle. 

In left bundle branch block patterns, V; and other right chest leads often 
show small R waves preceding the mainly inverted complexes. There is evidence 
that the right ventricle is activated in a normal fashion in uncomplicated left 
branch block.‘* Since the right ventricle is apparently activated earlier than 
the left, it is surprising that a taller R wave is not present in V, in such cases. 
It would again appear unlikely that the small R wave, if present, could represent 
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Fig. 2 A, A tracing illustrating what is believed to be a normal pattern in right chest leads.'6 The 


small secondary R wave in the right chest leads is believed to reflect the late activation of the conus 
arteriosus. Note the interval between the R and R’ deflections. 

B, A tracing obtained from a patient soon after an episode clinically characteristic of myocardial 
infarction It suggests extensive infarction in the left ventricle. Note the tall R wavesin Leads V;, Vo, 
and aVr 

Cc. A tracing obtained from a normal, resting 6-day-old infant, illustrating the pattern character- 
istically found at this age. The peak of the R wave in Vyr and V; occurs almost 0.4 second after the 
onset of the QRS interval. 
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activation of the free wall of the right ventricle and the downstroke of the R 
wave the “‘intrinsicoid deflection” in its usual sense. The small R wave may, 
however, represent the activation of part of the free wall of the right ventricle, 
being ‘“‘cut off’’ in its ascent by the greater forces incident to right-to-left tran- 
septal impulse conduction below the site of block. Again it would appear that 
the free wall of the right ventricle was activated during the inscription of the 
downstroke of the R wave. 

If the assumption that the R wave in V,; does not represent activation of the 
free wall of the right ventricle is correct, then it follows that the R wave would 
probably be taller if it were not overbalanced and “‘cut off” in its ascent by the 
dominant left ventricular forces. This is occasionally illustrated by the pattern 
of change occurring in extensive myocardial infarction. Fig. 2,B is a tracing 
obtained soon after an episode clinically characteristic of recent myocardial in- 
farction. The pattern suggests recent infarction in extensive regions of the 
anterior, posterior, and lateral left ventricle; the late R waves in aV, and aVr 
suggest a delay in activation of various regions of viable myocardiuin, a focal 
intraventricular block.'® It would be expected that the forces incident to 
activation of the remaining viable portions of myocardium might be decreased, 
permitting right ventricular forces to become more manifest. It is possible that 
the R wave in V,; and V+¢ is taller than in V, to V¢ as a result, and similar reason- 
ing can be applied to the abnormally tall, early R wave in aVr. 

The evidence that has been presented would appear to cast reasonable doubt 
on the assumption that the R wave, normally present in V; and other right chest 
leads, is inscribed by activation of the free wall of the right ventricle; indeed, 
it would rather appear that the positive deflections in right chest leads can be 
attributed only to the early left-to-right septal activation. Furthermore, it 
would appear that the activation of the entire free wall of most of the right 
ventricle occurs during the inscription of the downstroke of the R wave in V, 
or a late positive deflection (conus arteriosus); it cannot then be assumed that 
the downstroke of the R wave in right chest or corresponding epicardial leads 
represents the “intrinsic deflection’’ over the right ventricle according to the 
meaning previously given it. Moreover, the R wave in left chest leads would 
probably be taller and its peak occur slightly later in the QRS interval were the 
forces developed during left ventricular activation unopposed by those incident 
to activation of the free wall of the right ventricle. It would again appear that 
the peak of the R wave in left chest leads in the normal subject does not accur- 
ately portray the time of arrival of the impulse at the epicardial surface or even 
the subepicardial region. 

The evidence presented would appear to demonstrate a domination of the 
normal electrocardiogram by the electrical forces incident to left ventricular 
activation; indeed, the forces developed during right ventricular activation are 
seemingly manifest only by decreasing the amplitude of the deflections observed 
in precordial leads. Somewhat similar conclusions had been previously reached 
by Wolferth and Livezey," although they ascribed the apparent left ventricular 
domination to favored paths of conduction to the body surface as suggested from 
the studies of Katz. Evidence of this left ventricular domination was suggested 
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by the pattern of change in patients with transient bundle branch block. When 
transient right branch block was present, the R waves in left chest and limb leads 
were essentially unchanged from those in the absence of the block, only the ter- 
minal phases of the QRS complex being altered when the block appeared (Fig. 1). 
When transient left branch block. appeared, however, striking changes through- 
out the QRS interval occurred in every lead." 

If the reasoning applied in the above discussion is true in its broader aspects, 
calculations of the speed of impulse transmission in the ventricles and the many 
other conclusions based on the assumption that the R wave in V; represents 
activation of the free wall of the right ventricle must be re-evaluated. Indeed, 
the temporal relationship of the peak of the R wave to the onset of the QRS 
interval is not well correlated with the heart weight in normal hearts® and not 
entirely correlated with the thickness of the ventricular muscle in different regions 
of the right ventricle.'* 


The V and aV limb leads have served to define the relationship between the 
standard limb leads and the V chest leads.’ If it is correct that positive de- 
flections in right precordial leads do not reflect right ventricular activation, then 
the concept of levo- and dextrocardiograms involving the standard limb leads*°! 
must be re-examined. Recently, Segers* has also questioned the validity of 
previous conclusions in this regard, arriving at a judgment in harmony with the 
observation presented here. 


There is abundant evidence that the activation of the free wall of the right 
ventricle occurs late, when complete or incomplete right branch block is pres- 
ent,'-4-5.1!,12.14.16.26 and is largely unopposed by forces developed during the earlier 
left ventricular activation.***2° In such tracings, the final tall R wave in V, 
more accurately reflects the “‘intrinsicoid deflection” of the right ventricular 
region subtended by the exploring electrode. A somewhat analagous situation 
is present in instances of marked right ventricular hypertrophy where the record 
is of the type showing tall, broadened R waves in right chest leads and small R 
and deep S waves in left chest leads; there is an apparent reversal of the pattern 
present normally. The electrical forces incident to right ventricular activation 
apparently exceed those due to left ventricular excitation. It would seem 
justified to speak of a domination of the electrocardiogram by the right ventricle 
in such instances. Again, the downstroke of the R wave in right chest leads would 
more reasonably depict the true ‘‘intrinsic deflection”’ of the right ventricle seg- 
ment subtended by the exploring electrode. It is noteworthy that in some in- 
stances of right ventricular hypertrophy patterns the peak of the R wave in V, 
still occurs earlier than that in V; or V¢. <A similar situation occurs in normal 
infants,?” where the electrocardiogram often displays tall R waves in V; and a 
small R and deep S wave in left chest leads. It would appear that in such trac- 
ings the right ventricular forces again exceed those of the left ventricle, a prob- 
able reflection of the anatomic right ventricular preponderance normally present 
in young infants. It is noteworthy that the R wave in V;, in infants is much 
taller and that the downstroke may occur later in the QRS interval than in V, 
in adults,?’ although the right ventricle is considerably thinner in the infant 
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than in adults. Fig. 2,C illustrates this; it was obtained from a normal 6-day-old 
male infant while he was resting. 

It is clear that further doubt is cast upon the meaning of the electrical 
axis** and credence given to the electrical field theory previously described in 
this laboratory.!! 


SUMMARY 


The R wave in Lead V; and in intracavity leads obtained from the right 
ventricle in the normal human subject and in persons with right bundle branch 
block is essentially simultaneous and identical in character. Since the R wave 
present in intracavity leads can be attributed only to the normal early left-to- 
right transeptal impulse conduction, it would appear that an identical initial 
R wave in Lead V; in the normal electrocardiogram, as in V,, in the presence of 
right branch block could not be attributed to activation of the free wall of the 
right ventricle. On the basis of these and other observations which have been 


discussed, the validity of the concepts of the ‘‘intrinsic deflection,”’ the electrical 
axis, and the levo- and dextrocardiogram has been questioned. 


I am grateful for the valuable advice and suggestions of Dr. Louis N. Katz in the preparation 
of this manuscript. 
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LEFT VENTRICULAR CAVITY POTENTIALS IN INDUCED LEFT 
BUNDLE BRANCH BLOCK STUDIED WITH 
ESOPHAGEAL LEADS 
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N 1909, and more extensively in 1910, Eppinger and Rothberger'* reported 

the experimental production of lesions of the bundle branches in dogs and 
with an esophagorectal lead recorded typical patterns of bundle branch block. 
Several months later, Eppinger and Stoerk* published the electrocardiograms 
and autopsy findings of two patients with left bundle branch block (present 
terminology). Though records of bundle branch block had been published 
previously, the above authors were the first to draw attention to its pattern 
in human beings and to correlate it with their findings in experimental bundle 
branch block in dogs. For many years thereafter bundle branch block was 
regarded as being due to a localized or diffuse lesion of one or the other bundle 
branches, despite poor pathologic correlation.'® From a review of the literature®’ 
it is becoming increasingly apparent, however, that bundle branch block may also 
be due to a temporary functional alteration in the conductive system of the heart. 
Since paroxysmal or transient, bundle branch block usually occurs in individuals 
with diseased hearts,***’ it is probable that such cardiac involvement renders 
the bundle branches more susceptible to conduction defects in the presence of 
tachycardia,*-!" anoxemia,*:!' infection,” and changes in vagal 


tone.!016.17 


The recording in humans of the instant of transition from normal conduction 
to bundle branch block and vice versa, induced or spontaneous, has noi been 
commonly observed. The progressive transition from normal conduction to 
bundle branch block, which is analogous to the progressive lengthening of the 
P-R interval in partial atrioventricular block, has only rarely been recorded.'*:'® 


The transition patterns from normal conduction to left bundle branch block 
in animals have been recorded in experimentally induced bundle branch block by 
Sodi-Pallares and his co-workers by means of electrodes placed in the left ven- 
tricular cavity.2?. The electrocardiographic changes occurring within the left 
ventricular cavity in human beings under such circumstances have not been 
reported. 
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The use of esophageal leads permits the recording of the left ventricular 
cavity potentials without resorting to left ventricular cavity catheterization. 
The electrocardiographic patterns recorded within the left ventricular cavity 
in the presence of normal conduction or left bundle branch block in human 
beings*'* and in dogs*’** ** are similar to those recorded by esophageal leads at 
atrial level. This fact has been pointed out by various investigators.”-* Due 
to the close proximity of the esophagus to the left atrium and the anatomic 
relationship of the left atrium and left ventricle, changes in the electromotive 
forces occurring within the left ventricular cavity are readily transmitted by the 
electrolytic medium of the left atrium and are easily tapped by an electrode in 
the esophagus at atrial level.*> The atrial level is generally recognized by the 
appearance of a sharp intrinsic and diphasic atrial deflection and a ventricular 
QS or Qr pattern, the Q wave preceding or coinciding with the inscription of 
the initial deflection in any other simultaneously recorded lead. 

The present study is of special interest since it was possible to record in a 
human being the instant or progression of transition from normal conduction to 
left bundle branch block, and vice versa, by means of simultaneous precordial, 
standard, and esophageal leads, the latter reflecting left ventricular cavity poten- 
tials. No similar study has appeared in the literature. 


METHODS 

All records were taken on a three-channel direct-writing Technicon cardio- 
graph. The esophageal electrode used consisted of a soft rubber tube containing 
fifteen fine wires, each separately connected to external metal bands 1.75 cm. 
apart. The tube was introduced under fluoroscopic control and the tip positioned 
about 6 cm. below the diaphragm. After the recording of a regular sequence of 
fifteen esophageal electrocardiograms (Fig. 1), with E,-E» representing the dia- 
phragmatic surface of the left ventricle and E,; the supracardiac level, the lead 
best representing left ventricular cavity potentials was chosen. In most in- 
stances this lead was Ey or Ey. The latter was usually recorded simultane- 
ously with Leads V;, Vs, or E;. A Technicon external selector was used to record 
simultaneously any desired combination of standard, unipolar esophageal, 
precordial, or extremity leads. An electrical filter, as described elsewhere,” 
was used to eliminate extraneous low-frequency potentials of gastric, esophageal, 
or diaphragmatic origin so that continuous satisfactory records could be obtained. 

With the esophageal tube secured in place the following procedures were 
carried out during several separate visits in an effort to induce bundle branch 
block: (1) breathing of 10 per cent oxygen and 90 per cent nitrogen, (2) exercise ,*” 
(3) inhalation of amyl nitrite, (4) nitroglycerin, 0.45 mg. sublingually, and (5) 
carotid sinus pressure. In each instance a continuous electrocardiogram was 
taken until the rate and the electrocardiographic pattern returned to normal. 

The present studies were conducted upon M. L., a 43-year-old white woman, 
whose chief complaints are constrictive substernal chest pain and palpitation. 
The pain usually occurs following effort and is relieved on most occasions by 
either rest or 0.45 mg. of nitroglycerin taken sublingually. The pain radiates 
to the throat and down the inner aspects of both arms. The past history reveals 
that the patient had lobar pneumonia in 1942 and recovered following sulfa- 


SANDBERG ET AL.: LEFT VENTRICULAR CAVITY POTENTIALS IN BBB 533 


diazine therapy. In 1944, the patient had a salpingo-o6phorectomy and several 
cervical biopsies. In May, 1948, the patient underwent a right mastectomy 
for chronic mastitis. The heart and lungs have been essentially normal on 
examination, fluoroscopy and x-ray, for the last eight years. The blood choles- 
terol has ranged between 218-330 mg. per cent. Urine has been negative for 
reducing substances. Hemoglobin is 64 per cent, RBC 3,500,000 and WBC 6,000. 


| 


V, 
Ne 


Fig. 1.—Control esophageal electrocardiograms. FE; to Ey, recorded at diaphragmatic aspect of 
left ventricle. Atrial intrinsic deflection in Ey to Ey. Qrin E;o and QS in Ej represent left ventricular 
cavity potentials. E); at supracardiac level. 
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The patient was first noticed to change from normal conduction to left bundle 
branch block following an exercise test in April, 1947. The present studies were 
performed on four separate visits of the patient to the hospital. At least one 
week was allowed between each series of investigations. 


RESULTS 

The experimental data are summarized in Table I. 

There was no change in conduction following the breathing for twenty 
minutes of a mixture of 10 per cent oxygen and 90 per cent nitrogen, although 
some cyanosis of the lips and nail beds was present. There was a slight decrease 
in the R-R interval after anoxemia. The RS-T segment became slightly de- 
pressed in Vz and in the lower esophageal leads reflecting the posterior and dia- 
phragmatic surfaces of the left ventricle, and elevated in the esophageal lead 
(Ey) reflecting left ventricular cavity potentials. 
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Fig. 2.—Experiment No. 6. At R-R interval of 0.55 second there is a sudden change in configuration of 
the QRS complex in V;, V3, and V; with the appearance of left bundle branch block. 


Following the administration of 0.45 mg. of nitroglycerin sublingually or 
the performance of the two-step exercise test,*’ no significant change occurred 
in the R-R interval or electrocardiogram. When the patient performed the 
double two-step exercise test,*® the pattern of normal conduction changed to 
that of left bundle branch block. This was associated with an increase in the 
heart rate, the R-R interval being 0.75 second before exercise and 0.57 second 
immediately following exercise. After thirty-three seconds of continuous 
recording of the electrocardiogram following exercise, the left bundle branch 
block pattern abruptly changed to normal conduction at which time the R-R 
interval was 0.63 second. 
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The inhalation of amyl nitrite, except for one occasion, repeatedly induced a 
transient left bundle branch block pattern (Fig. 2). When the R-R interval 
approached 0.50 to 0.57 second, the normal QRS abruptly changed to that of 
left bundle branch block in the precordial leads. In several instances there was a 
definite latent period (two to five beats) during which the R-R interval fell into 
the range at which left bundle branch block later appeared, before the actual 
change in conduction occurred. The transient left bundle branch block lasted 
for varying intervals of 20 to 46 seconds, and then abruptly changed to normal 
conduction in the precordial leads (Fig. 3) when the R-R interval was in the range 
of 0.60 to 0.67 second. 

On the one occasion when amyl nitrite did not produce left bundle branch 
block the shortest R-R interval recorded was 0.59 second. 

In every instance the QRS of the control electrocardiogram was 0.07 to 
0.08 second in duration, and after left bundle branch block appeared the QRS 
was 0.10 to 0.11 second. From the precordial or standard leads it was not possible 
to measure accurately the lengthening of the QRS interval from beat to beat 
prior to the sudden onset of left bundle branch block. 

In experiments 6, 10, and 12 shortly after the onset of the left bundle branch 
block pattern the application of right carotid sinus pressure produced a slight 
degree of cardiac slowing. Although there was no sudden change to normal 
conduction, the periods of time during which left bundle branch block was 
recorded were of shorter duration (20 to 26 seconds) than when carotid pressure 
was not applied. 

In experiments 8, 9, and 11 the blood pressure prior to inhalation of amyl 
nitrite was 110-120/80 mm. Hg and was taken every twenty seconds after the 
inhalation. Immediately after the inhalation the blood pressure dropped to 
80/60-54 mm. Hg, at which time the block appeared. The blood pressure re- 
turned to 110/70 mm. Hg on each occasion almost simultaneously with the appear- 
ance of normal conduction. 

During the periods of normal conduction the esophageal lead (Eg) reflecting 
left ventricular cavity potentials showed a QS or Qr pattern with an isoelectric 
RS-T segment preceded by a diphasic, intrinsic atrial deflection (Fig. 1). Al- 
though no apparent change in configuration or duration of the QRS could be 
accurately measured in the precordial leads before the appearance of left bundle 
branch block, the same did not hold for the esophageal leads. In esophageal 
leads reflecting left ventricular cavity potentials, there was a definite progression 
of changes in the QRS configuration terminating in an RS pattern with the 
RS-T segment depressed (Fig. 4). These changes consisted of the appearance 
of an rS pattern in place of the QS pattern, with the R wave progressively in- 
creasing in height (Fig. 5). The transition from the QS pattern to the equiphasic 
RS pattern required a period of eight to fourteen beats. The transition to normal 
conduction, as evidenced by the disappearance of the RS pattern and the appear- 
ance of a QS pattern, took place over a period of two to five beats, during which 
time the R wave decreased in height (Fig. 6). The R pattern seen in lower eso- 
phageal leads (E, or E2), reflecting the potentials of the posterior surface of the 
left ventricle, changed to an RS pattern with the appearance of left bundle branch 


block. 
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Fig. 3.—Experiment No. 6. Appearance of ncrmal conduction at R-R interval of 0.66 second. 


Ninth 
QRS complex in V; is transitional in character. 


-4-+- 


T 
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Fig. 4.—Experiment No. 11. Ep» at diaphragmatic aspect of left ventricle and Ep» at left atrial level 
reflecting left ventricular cavity potentials. Intrinsic atrial deflection present in Eo. Sudden appear- 
ance of left bundle branch block in Vs. Note increasing depth of the S wave in Es and appearance and 


increasing height of an R wave in Ey terminating in RS pattern of left bundle branch block in QRS 
complex No. 11. 
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Fig. 5.—-Enlargement (2) of Ey reflecting left ventricular cavity potentials at period of transition 
to left bundle branch block. A includes QRS complexes Nos, 4 to 12 in Fig. 4. B shows the transition 
to left bundle branch block in experiment No. 12. Notice increasing height and thickness of R wave 
terminating in RS pattern with depressed RS-T segment. Intrinsic atrial deflection precedes each QRS. 
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Fig. 6.—Experiment No. 11. E: at diaphragmatic aspect of left ventricle. Eg 9 represents left 
ventricular cavity potentials and shows intrinsic atrial deflection. Notice decreasing depth of S wave 
in E2 and appearance of QS pattern in sixth QRS in Ey; the latter is preceded by a transitional QRS. 
Sudden change of QRS configuration in fifth complex in Vs. 
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On any one day the critical R-R interval at which the precordial electro- 
cardiogram changed from normal conduction to left bundle branch block and 
vice versa varied very little. The critical rate of one day as compared to another 
showed a somewhat greater range of variation. 


DISCUSSION 


The salient features of this study were the changes in the QRS complexes as 
recorded precordially and the simultaneous change of the QRS recorded at atrial 
levels by the esophageal leads reflecting left ventricular cavity potentials during 
the periods of transition into and out of left bundle branch block. 


Normally the impulse originating in the sinoauricular node traverses the 
atrial musculature and then enters the atrioventricular node. After passing 
the atrioventricular node and the bundle of His, it is transmitted along both 
branches of the bundle and is dispersed over the Purkinje network. The im- 
pulse is then propagated from the endocardial to the epicardial aspects of the 
heart. According to the classical membrane theory,*! as the wave of excitation 
spreads from endocardium to epicardium the negative poles of numerous series 
of doublets are arranged in such a manner that they face predominantly the 
ventricular cavity, while the positive poles are toward the epicardium. The 
fibers of the bundle branches to the septum are the first activated. The left 
portion of the septum is probably activated before the right®*? and plays a 
preponderant role in the production of the electromotive forces of the septum.** 
Since the instantaneous electrical axes normally point away from the left ven- 
tricular cavity, the pattern obtained by catheterization of the left ventricle in 
human beings*!:* and dogs**** and by esophageal leads at atrial level reveals 
a QOS pattern.”*:+ This indicates that the left ventricular cavity is negative 
throughout the spread of the excitation wave in the left ventricle. 


When the spread of the impulse is sufficiently delayed in the left bundle 
branch, the contralateral bundle branch will transmit the initial impulse to the 
septum, and the electromotive forces are then directed toward the left cavity. 
As a result the impulse spreads across the septum from right to left, and hence 
the left ventricular cavity is initially positive as evidenced by the inscription of 
an R wave. If the delayed impulse is then transmitted through the ipsilateral 
bundle branch or if the conducting system distal to the block is activated by the 
impulse spreading from the contralateral side, the electromotive forces are then 
directed away from the left ventricular cavity, and the resultant terminal nega- 
tivity is evidenced by the inscription of an S wave. That the pattern of left 
bundle branch block in the left ventricular cavity consists of an RS pattern 
which is usually equiphasic has been demonstrated by records obtained within 
the left ventricular cavity in human beings”! and animals,?°**! and by esophageal 
leads reflecting left ventricular cavity potentials in human beings.’ 

From this study it is seen that the QS pattern of normal conduction is re- 
placed by an equiphasic RS pattern with depressed RS-T segment when left 
bundle branch block supervenes. The change in electrical potential of initial 
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negativity to that of initial positivity in the cavity of the left ventricle is the best 
evidence for the appearance of delayed or blocked conduction in the left bundle 
branch. 

In their excellent study, Wilson and Herrmann® demonstrated that combina- 
tion complexes in which the dextrocardiogram precedes the levocardiogram by a 
considerable interval are transitional in outline between the normal complex 
and the complex of complete bundle branch block. After cutting one or both of 
the bundle branches in the dog, these authors stimulated one of the ventricular 
surfaces and were able to obtain various transitional electrocardiographic patterns 
in the standard leads, varying from that of normal conduction to that of complete 
bundle branch block. At that time these authors, and later Herrmann and 
Ashman,'* commented upon the infrequency of lesions of the bundle divisions 
producing disturbances comparable to partial atrioventricular block. The 
rarity of partial bundle branch block with progressive prolongation of the dura- 
tion of the QRS complex is due mostly to the very short time interval during 
which such a phenomenon is able to develop.'** 

Progressive delay of conduction in one of the bundle branches should be 
characterized by progressive widening of the QRS interval as recorded in the 
precordial or standard leads.'*** The inscription in esophageal leads reflecting 
left ventricular cavity potentials of a gradually increasing R wave following a 
QS pattern probably indicates in a more conclusive manner a similarly progressive 
conduction defect in the left bundle branch. With progressive delay of the 
conduction in the left bundle branch, more and more of the septum is activated 
from right to left prior to the passage of the delayed impulse over the left bundle 
branch. This would be accompanied by increasing unopposed positivity directed 
toward the left ventricular cavity, and this should be manifest by progressively 
increasing height of the R wave. 

Sodi-Pallares and his co-workers*® experimentally produced left bundle 
branch block in animals and recorded the transitional changes in the left ven- 
tricular cavity from normal conduction to that of left bundle branch block. 
The recorded patterns revealed the appearance of an R wave, which gradually 
increased in height as the S wave diminished until the equiphasic RS pattern 
of left bundle branch block appeared. 

In the present study the appearance of an equiphasic RS pattern in esopha- 
geal leads reflecting left ventricular cavity potentials usually occurred within one 
or two beats of the QS pattern. However, on four occasions the QS pattern was 
followed by a series of ventricular complexes characterized by the appearance and 
gradually increasing amplitude of an R wave before the inscription of an equi- 
phasic RS pattern. The occurrence of such transition patterns is comparable 
to progressive prolongation of the P-R interval due to the progressive delay of 
conduction in the presence of partial atrioventricular block. The gradual 
increase of the amplitude of the R wave in the esophageal leads in this study is 
similar to that obtained with an electrode in the left ventricular cavity in ex- 
perimental left bundle branch block.*° These transitional patterns offer proof 
for the occurrence of partial bundle branch block comparable to partial atrio- 
ventricular block with progressively increased P-R interval. 
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Usually, when left bundle branch block is complete, the QRS duration is 
more than 0.03 second longer than that found in normal conduction, and the QRS 
duration is 0.12 second or longer.*® In the present study it is believed that in- 
complete left bundle branch block was present, since the delay of activation of 
the left ventricle was not more than 0.03 second, and the QRS during left bundle 
branch block measured 0.10 to 0.11 second. The sequence of the spread of the 
excitation wave is believed to have been as follows: The impulse after traversing 
the bundle of His was conducted normally over the right bundle branch, but was 
delayed in the left bundle branch. Due to this delay in the left bundle branch, 
the impulse in the right septum spread toward the left, but before it could reach 
the left conductive system distal to the block, the delayed impulse in the left 
bundle branch activated the left ventricle in the usual manner. It is conceivable 
that the block was complete in the left bundle branch and that the impulse from 
the right can spread to the left in 0.03 second, resulting in a QRS of only 0.11 
second. Such a possibility should be considered in the light of the recent re- 
ports of branches arising from the bundles in the upper septum.+* 

From the observations of this study, it is apparent that where no increase in 
heart rate beyond a certain level followed anoxemia, exercise, nitroglycerin, or 
amyl nitrite, no alteration of conduction occurred. In each instance of transi- 
tion to left bundle branch block after exercise or after the inhalation of amyl 
nitrite, the associated tachycardia was probably responsible since these instances 
were definitely associated with critical levels of heart rate. 

Another fact pointing toward the importance of heart rate in the appearance 
of left bundle branch block in the present study was the persistance of normal 
conduction in the presence of electrocardiographic evidence of coronary insuffi- 
ciency during anoxemia. In the latter test it is significant that the heart rate 
never increased to the level at which bundle branch block was usually observed 
(Table I). The electrocardiographic evidence for the occurrence of coronary in- 
sufficiency consisted of RS-T depression in the left precordial leads and in the 
esophageal leads reflecting posterior left ventricular surface, and RS-T elevation 
in esophageal leads reflecting left ventricular cavity potentials. These changes 
have been previously demonstrated in patients with induced coronary insuff- 
ciency and are ascribed to involvement of the subendocardial layers of the left 
ventricle.*® 

The refractory period of the heart decreases as the heart rate increases. 
However, the decrease in the refractory period is usually proportionately much 
smaller than that of the R-R interval.*2 Hence, a critical level may be reached 
at which certain stimuli may find the conductive fibers still in the refractory 
phase.*” The presence of a diseased myocardium, inadequate coronary circula- 
tion, or anoxemia may prolong the recovery phase or the refractory period of the 
conducting system sufficiently so that the recovery period exceeds the length 
of the R-R interval during the additional factor of tachycardia. From this 
study it is apparent that the left bundle branch became refractory to stimuli 
at an R-R interval of 0.57 second or less. ‘Though the impulse may have been 
completely blocked, i.e., the whole bundle absolutely refractory, it is believed 
that the left bundle branch was in a state of partial refractoriness,” which re- 
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sulted in the impulse assuming a more circuitous or delayed route. It should be 
pointed out that the left bundle branch was on several occasions able to conduct 
normally during a rate at which left bundle branch block would be expected to 
supervene. However, such periods were of very short duration and were quickly 
followed by left bundle branch block. It is probable that the failure of the left 
bundle branch to conduct normally at rapid rates for any lengthy period of time 
was due to such factors as inadequate coronary circulation, drop in blood pres- 
sure, accumulation of metabolites,** or alteration in local pH.*” 


In this study the transition from the equiphasic RS pattern of left bundle 
branch block to the QS or Qr pattern of normal conduction was associated with 
decreasing height of the R wave in esophageal leads reflecting left ventricular 
cavity potentials. The decreasing height of the R wave indicates progressive 
recovery of conduction in the left bundle branch with the septum being activated 
less and less from the right. The period of time during which transitional 
forms of ORS occurred in esophageal leads reflecting left ventricular cavity poten- 
tials was much shorter during recovery from left bundle branch block than the 
period of transition from normal conduction to left bundle branch block. These 
differences may possibly be explained by parallel findings in experiments upon 
atrioventricular conduction in animals. Lewis and Master*’ have demonstrated 
that recovery from exhaustion is relatively rapid in the atrioventricular conduc- 
tion system in comparison to the appearance of atrioventricular conduction 
defects. 

The transient character of the left bundle branch block in the present study 
also illustrates the fact, already pointed out in the literature, that defective 
conduction in the bundle branches may be due to physiologic and functional 
alteration in the conducting system rather than to a specific anatomic lesion. 
Hence, not infrequently, bundle branch block may be a temporary lesion and 
may terminate as soon as the etiological factors disappear. 


SUMMARY 


1. The alterations of the electrocardiographic pattern in the left ventricular 
cavity in induced left bundle branch block are described. 


2. The change from normal conduction to left bundle branch block was 
associated with a critical rate. 

3. In the left ventricular cavity the normal electrocardiographic pattern, 
which is QS in configuration, is replaced by an equiphasic RS pattern when 
left bundle branch block supervenes. 

4. The period of transition from normal conduction to left bundle branch 
block is characterized by the appearance and increasing height of an R wave in 
esophageal leads reflecting left ventricular cavity potentials during the progres- 
sion of incomplete left bundle branch block. 


We wish to express our thanks to Drs. Arthur M. Master and Arthur Grishman for their 
cooperation in making this study possible. 
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THE SIGNIFICANCE OF Qaye IN THE DIAGNOSIS OF 
POSTERIOR INFARCTION 


Pau. N. G. Yu, M.D.,* ano T. M. BLAKE, M.D.** 


ROCHESTER, N. Y. 


HE diagnostic importance of a large Q; in coronary artery disease and 

posterior infarction was first pointed out by Pardee.' Since then, many 
authors have confirmed his observations.?-> But it is also well known that in 
normal persons a Q; conforming to Pardee’s criterion may be present and is 
usually indistinguishable from that seen in posterior infarction.®:? This large 
Q; in normal persons is mainly due to a transverse position of the heart. Hence, 
various criteria have been suggested to aid in the differentiation of a normal 
Q; and the Q; due to myocardial infarction.’ 

According to several authors, the presence of a significant Q wave in the 
unipolar leg lead (Vr or aVy) may be helpful in deciding the significance of a 
large Q;.'°"8 The criteria of a significant Qyr or Qayr set forth by these authors 
may be classified into two groups: (1) A Q wave in the left leg lead has a voltage 
of 40 per cent or more of the entire QRS complex in the same lead, has a duration 
of 0.04 second or more, and is associated with an inverted T wave; (2) a Q wave 
in the left leg lead has a voltage of 25 per cent or more of the R wave in the same 
lead and has a duration of 0.04 or more second. 

The presence of a significant Qyr or Qayr strongly suggests that the Q; 
is due to posterior infarction and not to position of the heart. 

More recently Lowen artd Pardee™ analyzed 168 electrocardiograms, 59 of 
which were obtained from 34 patients with posterior infarction. Their con- 
clusions were: (a) ‘‘Criteria derived from the unipolar limb leads are not 
dependable in the diagnosis of posterior infarction” and (b) ‘The unipolar limb 
leads are equally unreliable in determining the presence or absence of disease in 
those doubtful cases which have Q; as the only abnormality of the electrocardio- 
gram.” 

As there are controversial opinions concerning the clinical value of the 
unipolar limb leads in the diagnosis of posterior infarction, a critical study of the 
Q wave in Lead II] and unipolar leg lead in a large number of cases might help 
to clarify the issue. The present study was undertaken with such a purpose. 


METHOD AND MATERIAL 


From August, 1948, to October, 1949 inclusive, we analyzed the electro- 
cardiograms of 109 patients with a Q; at least 25 per cent of R;. Patients with 
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tracings which showed right axis deviation and large S; were not included. 
All of the tracings with a tiny initial upward deflection in Lead III were like- 
wise excluded. 

In all 109 cases the following leads were taken: (a) three standard limb 
leads, (b) three augmented unipolar limb leads, and (c) three or more precordial 
leads (usually V;, V3, and V;). The Edin Electronic direct-writing cardiograph 
was used throughout this study. 

When one or more tracings were taken on one patient, the record which 
showed the most prominent Q, was chosen for analysis. 

The voltage of the Q wave in Leads II, III, and aV» in the same tracing was 
measured, and the ratio of the amplitude of the Q wave to the succeeding R 
wave was expressed as a percentage. 

Fifty-four of these 109 patients were considered to have had posterior in- 
farction on the basis of typical electrocardiographic changes. The typical elec- 
trocardiographic changes of posterior infarction are based upon any one of the 
first two criteria, in addition to the third one listed: (1) There is a definite 
elevation of RS-T segment in Lead III and usually also in Lead II. This eleva- 
tion frequently disappears in a few days, but sometimes it may persist for a few 
weeks. (2) The T wave in Lead III and usually also in Lead II shows evolu- 
tional changes with progressive lowering and finally sharp inversion. In a few 
cases of old posterior infarction only deeply inverted T wave was present. (3) 
There is a conspicuous Q wave in Lead III, which is at least 25 per cent of Rs, 
and often also a small Q wave in Lead II. 

In fifty of these cases, there was also supportive evidence in the form of clinical 
data (clinical history, fever, leucocytosis, change of blood pressure, etc.). Most 
of these patients had a history suggestive of infarction within less than a month, 
and serial changes in RS-T and T waves were usually demonstrable. Four pa- 
tients were unable to give a satisfactory history. The diagnosis of four cases 
was confirmed at autopsy. The duration of the infarction was estimated as 
closely as possible. When it was less than one month, the infarction was con- 
sidered to be recent. When it exceeded one month, the infarction was classified 
as old. 

In the remaining fifty-five cases, there was no clinical evidence of myocardial 
infarction, and the electrocardiograms did not show any change of the RS-T 
segment. Nine of these fifty-five patients were under 12 years of age. 


RESULTS 


The data regarding the incidence, voltage, and duration of the Qe, Q3, and 
Qavr in the 109 patients are presented in Tables I, II, IIT. 

Incidence of Q; and Qavr.—A Q; was demonstrable in all fifty-four patients 
with posterior infarction. Likewise, a Qavr was present in all but one patient 
of the same group. This patient (Case 29), with a history of myocardial in- 
farction for less than twenty-four hours, had a distinct RS-T elevation in Leads 
II, and aVr, a small a tiny Qe, and no Qaver. 

In the group of fifty-five patients without infarction a measurable Q3 was 
present in all and a Qavr in only twenty-one patients (38 per cent). More than 
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half of the patients had an inverted or flat T;, and only a few were associated with 
an inverted Tayr. 

Voltage of Q3; and Qayr.—In the fifty-four patients with posterior infarction, 
the voltage of Q; varied from 0.5 to17 mm. The Q; was 25 per cent or more of 
R; in all the patients. In the same group of patients the voltage of Qavr varied 
from 0.5 to 11 mm. The voltage of this deflection was 25 per cent or more of 
Ravr in all patients except five (Cases 15, 20, 27, 28, and 30). It is interesting 
to note that in four of these five patients Q» was also less than 25 per cent of Ro. 
In the remaining patient (Case 28) no Q» was demonstrable, and yet post- 
mortem examination showed evidence of posterior infarction. 

In all the fifty-five patients without infarction the Q; was 25 per cent 
or more of R3;, and its voltage varied from 1 to 10 mm. In the same group of 
patients a measurable Qayr was present in twenty-one cases (38 per cent) with 
a voltage varying from 0.25 to 4 mm. In only three instances was the Qavr 
as much as 25 per cent of Rayer, and two of these three patients were children. 

Duration of Qs and Qayr.—lIn thirty-one of the fifty-four patients (54 per 
cent) with posterior infarction the duration of Q; was 0.04 second or more. 
Eighteen patients in the same group (33 per cent) also had a Qavyr of 0.04 second 
or greater. In most instances the duration of Q; was either equal to or longer 
than that of Qavr, but in a few cases the reverse was true. 

In the group of fifty-five patients without infarctions, seven showed a 
Q; with a duration exceeding 0.04 second, but none had a Qayr with a duration 
of more than 0.03 second. 

Occurrence of Q,.—Ot fifty-four patients with myocardial infarction, forty 
showed a measurable Q» (74 per cent), varying from 0.25 mm. to 7 mm. in volt- 
age. In twenty-eight cases {52 per cent) Q» was at least 25 per cent of Ro. 
In only six cases (11 per cent) the duration of Q» was 0.04 second or more. 

The presence of a Q2 was demonstrable in fourteen of fifty-five patients with- 
out infarction (25 per cent). In none of these cases was the Q2 25 per cent of 
Ro», nor did it exceed 0.04 second in duration. 


DISCUSSION 


The electrocardiographic diagnosis of posterior infarction based on standard 
limb lead alone is not difficult when there are definite and serial changes in QRS, 
RS-T, and T waves in Leads II and III. When, however, the electrocardiogram 
shows only a large Q; and an inverted T3, without any change in the RS-T 
segment, the situation may be entirely different. It has been pointed out by 
various authors that the mere presence of a deep Q;, with or without an inverted 
T3, is not a reliable diagnostic sign of posterior infarction.*-” 

In our series a Q; which was 25 per cent or more of R3 was present in all of 
the patients with posterior infarction and in all of the patients without infarction. 
In more than half of the patients with posterior infarction the Q; was 0.04 second 
in duration or more, and in 8 per cent of the patients without infarction the dura- 
tion of Q; was as much as 0.04 second. This seems to support Bayley’s state- 
ment that a Q; measuring 0.04 second or more is usually significant." 
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TABLE III. StuMMARY DATA OF Q; AND Qavr IN 109 PATIENTS 


54 PATIENTS WITH 55 PATIENTS 
POSTERIOR INFARCTION WITHOUT INFARCTION 


NO. OF CASES PER CENT | NO. OF CASES PER CENT 


Incidence of 


Js 54 100 55 100 

Qavr 53 98 21 38 
Voltage of 

Q; (greater than 25 per cent R;) 54 100 55 100 

Qavr (greater than 25 per cent 

Ravr) 49 91 3 6 

Duration of 

Q; (0.04 second or more) 31 54 7 12 

Qavr (0.04 second or more) 18 34 0 0 


In 91 per cent of the patients with posterior infarction the amplitude of 
Qaver was 25 per cent or more of Raye. In about one-third of these cases the 
duration was 0.04 second or more. The absence of Qayr in a case of posterior 
infarction in which a significant Q; is present has been explained on the basis that 
the infarction was located high on the posterior wall.!' This may also occur in a 
very acute case which shows marked RS-T elevation (Case 28 in the present 
series). Determination of the electrical position of the heart is essential to the 
interpretation of the findings in Lead aV,p, as in a few cases of primary posterior 
infarction the changes in this lead were not diagnostic because of horizontal 
position of the heart.’ Of fifty-five patients without infarction, a Qayr measur- 
ing 25 per cent or more of Rayer was present in only three. In none of these cases 
did the duration of Qayr exceed 0.03 second. These findings are pertinent 
because they suggest that in the absence of posterior infarction a significant 
s usually not demonstrable. This is in close agreement with the results 


Oaver 
obtained by Myers and his associates.'!“ 

To know the mechanisms of production of Q; in patients with posterior 
infarction and in normal subjects with different electrical positions of the heart 
is of primary importance. In those with infarction the Q; is mainly derived from 
Qave which is in turn produced by the transmission of the relatively negative 
intracavity potential through the dead tissue towards the left leg, whereas Q; 
due to the position of the heart is mainly caused by the presence of Rayz. The 
excellent description regarding the derivation of Q; by Myers and Oren" and 
Goldberger” should be consulted. We agree with Myers and Oren" that the 
mere presence of a Qavyr is not necessarily indicative of the existence of posterior 
infarction, but in normal subjects the Qayr is usually small and narrow. It is 
our experience that in an adult the presence of Qavr which is 25 per cent or more 
of Raver in voltage and 0.04 second or more in duration makes the possibility of 
posterior infarction very likely. In these cases a significant Q;, by similar 
criteria, is always present. A normal subject may have a Q; which is similar 


| 
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to that seen in posterior infarction, and yet a significant Qayvr is usually not 
demonstrable. Therefore, the presence or absence of a Qayr as shown in this 
series of cases is very helpful in establishing or excluding the diagnosis of posterior 
infarction. 

The occurrence of a Qs and Q; in the same tracings is of more significance 
than is the presence of a Q; alone,‘ but in the present series only three-fourths 
of the patients with infarction showed a measurable Qe, and half of these had a 
Q» which was at least 25 per cent of Re. Therefore, the presence of a significant 
Q. is definitely helpful in the diagnosis of posterior infarction, but its absence 
certainly does not rule out the possibility. 


CONCLUSIONS 


1. This report includes a comparative and critical study of Qe, Q;, and 
Qavr in fifty-four patients with posterior infarction and fifty-five patients without 
infarction. 

2. A significant Q; was present in all the cases with or without infarctions. 
On the other hand, a significant Qayr was present in 91 per cent of patients with 
posterior infarction and in only three of the fifty-five patients without infarction. 

3. It is suggested that in an adult the presence of a Qavr with a voltage 
of at least 25 per cent that of Rayr and a duration of 0.04 second or more may 
indicate the presence of a posterior infarction. 

4. The use of the unipolar leg lead appears to aid in the differentiation of 
the normal and abnormal Q; and therefore helps in establishing or excluding the 


diagnosis of posterior infarction. 
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THE COURSE OF THE EXCITATION WAVE IN PATIENTS WITH 
ELECTROCARDIOGRAMS SHOWING SHORT P-R INTERVALS 
AND WIDE QRS COMPLEXES (WOLFF-PARKINSON- 
WHITE SYNDROME) 


An ANALYsIS BASED ON StuDIES WITH INTRACARDIAC AND 
ESOPHAGEAL LEADS 


A. GRISHMAN, M.D., I. G. Kroop, M.D.,* AND 
M. F. STEINBERG, M.D. 


New York, N. Y. 


INCE its original description by Wolff, Parkinson, and White,’ an extensive 

bibliography has accumulated concerning electrocardiograms showing short 
P-R intervals and wide QRS complexes observed in patients prone to paroxysmal 
tachycardia. Holzmann and Scherf? suggested that these electrocardiographic 
changes were due to premature stimulation of the right ventricle with a normal 
progression of the excitation wave to the left ventricle. The bundle of Kent 
(Wolferth and Wood*) or similar atrioventricular muscular connections (Oehnell‘ 
and Segers and associates’) have been regarded as the most probable accessory 
pathways for the aberrant propagation. The stimulus originating in the sino- 
atrial node was thought to spread through the atria in a normal fashion, thence 
to either ventricle through the accessory muscular connections. It was felt 
that the ventricle thus affected was prematurely stimulated due to by-passing 
of the atrioventricular node. The resulting asynchronism in the production 
of action potentials of the ventricles has been regarded as the cause of the bundle 
branch blocklike configuration of the ventricular complexes. Normal conduction 
through the atrioventricular node and bundle of His was thought to coexist 
simultaneously. 


This theory found strong corroboration in the ingeniously planned experi- 
ments of Butterworth and Poindexter.’ These authors passed action potentials 
picked up from the atrial surface through a vacuum tube amplifier and utilized 
the output to excite the ventricles. Pre-excitation of the right ventricle pro- 
duced a Wolff-Parkinson-White electrocardiogram with a left axis deviation, 
while pre-excitation of the left ventricle produced a right axis deviation. Segers, 
Lequime, and Denolin’ considered the “deformity” of-the P-R interval to be 
due to a supplementary wave caused by the action potentials of a contracting 
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accessory muscle. The deformity of the ventricular complexes was thought 
to be due to superimposition rather than to an alteration of the spread of the 
excitation wave. 

Hunter, Papp, and Parkinson* supported the theory of the “fusion beat’: 
The normal atrial activity, electrically or mechanically, sets off the discharge of 
an extrasystolic focus in the ventricle. This theory found support in the ex- 
perimental work of Sodi-Pallares and his associates.’ A mechanical irritation 
within the right ventricle near the pulmonic or tricuspid valve resulted in a 
ventricular premature contraction discharged as a result of the electrical or 
mechanical activity of the atrium. The same authors similarly explained their 
intracardiac electrocardiographic findings in six patients with Wolff-Parkinson- 
White electrocardiograms. The same theory has also been entertained by 
Oehnell* after study of a large number of Wolff-Parkinson-White cases by means 
of conventional leads and only a few with chest leads. The available facts and 
the still unsolved problems were well presented by Rosenbaum and co-workers.'' 
On the basis of esophageal and chest lead studies, they concluded that the excita- 
tory process spread from the dorsal toward the ventral and from the basal to the 
apical parts of the ventricle. Esophageal leads at atrial or subatrial levels 
suggested that the exploring electrode was near the region of premature activa- 
tion and that, during anomalous excitation, the number of muscle units acti- 
vated in a dorsoventral direction increased. They thought it probable that the 
anomalous excitatory process invaded the superficial cardiac muscle first and 
then spread toward the endocardium. Positivity of the premature component 
in the standard chest leads must therefore have been due to activation of the 
dorsal ventricular wall from without, inward, and dorsoventrally. 

Patients have been studied by us with intracardiac and esopageal leads in 
addition to standard, unipolar chest, and extremity leads. Intracardiac leads 
were obtained by introducing a rather flexible intracardiac electrode far distally 
into the pulmonary artery, gradually withdrawing it under constant fluoroscopic 
control. Whenever an electrocardiogram was recorded, a spot film of the elec- 
trode’s position was obtained. On the average, fifteen to twenty-five points were 
explored between one or both pulmonary branches and the right or left brachial 
vein. Suitable chest (Vi, V4, and V;), extremity (Vr or Vx), and esophageal 
leads were used throughout as reference leads, either successively or simul- 
taneously. The Sanborn Tribeam or Technicon Trigraph electrocardiographic 
machines were used throughout. Paroxysms of tachycardia were recorded in 
two cases (N.C. and J.J.). Multiple esophageal leads were recorded with a 
specially constructed esophageal tube which had fifteen equidistant electrode 
points (1.75 cm. apart). The position of the lowermost electrode point (E;) 
was determined fluoroscopically and a permanent record obtained by means of 
spot films. Reference leads, both intracardiac and precordial, were obtained 
simultaneously. 

CASE REPORTS 


Case 1.—P. G., a 26-year-old white man, was admitted for treatment of an acute gonococcal 
arthritis of his left knee. There was no history of paroxysmal tachycardia, nor was there any 
clinical evidence of cardiovascular abnormalities. 
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The electrocardiogram, taken in the course of a complete medical work-up, revealed, at times, 
no abnormality with a P-R interval of 0.16 second, and, at other times, ventricular complexes 
characteristic of the Wolff-Parkinson-White syndrome with a P-R interval of 0.11 to 0.12 second 
(Fig. 1). The delta wave was negative in Vy, and positive in Ve. The precordial leads showed a 
positive delta wave and high R wave with its peak at 0.20 second after the onset of the atrial 
complex and 0.055 to 0.060 second after the onset of the ventricular complex. The T waves 
were inverted in these leads. Leads V4, V5, and V¢ revealed a positive delta wave, followed by a 
high R wave with its peak at 0.210 to 0.215 second. 


76 PG 


THT) 


Fig. 1.—P. G. (10 mm. per millivolt; paper speed 75 mm. per second). The conventional 
electrocardiogram reveals a Wolff-Parkinson-White conduction. 


Intracardiac leads were recorded as follows: Pulmonic valve region, pulmonic conus, and 
right ventricular cavity (Fig. 2): There was an initial slow positive deflection, followed by a high 
R wave which reached its peak at 0.20 second after the onset of the atrial complex. A second 
upward directed deflection (relatively positive) was recorded 0.035 to 0.040 second later. The 
T waves were deeply inverted. Approaching the region of the tricuspid valve, the R wave de- 
creased in amplitude considerably. Right atrium, opposite tricuspid valve: The complexes 
were similar to those obtained in the right ventricular cavity. Tracings recorded from the right 
atrium just above the entrance of the inferior vena cava revealed a barely discernible delta wave 
(superimposed upon R’) and a W-shaped QRS complex followed by a negative T wave. The 
atrial complexes showed the usual change of configuration as the electrode was removed from the 
bottom of the right atrium to the sinoatrial node. A short negative deflection followed by a 
positive deflection synchronous with the onset of the delta wave in V; and V5 was seen at the 
mid-atrial level. At the sinoatrial level, an atrial complex of normal appearance for this region 
Was seen. 

The complexes of the precordial leads were identical in configuration to those obtained from 
the right ventricular cavity. 

Case 2.—P.R., a 63-year-old man, had been suffering from frequent, and at times prolonged, 
episodes of paroxysmal tachycardia since childhood. The attacks were characterized by precordial 
oppression associated with weakness and shortness of breath. During the past five years, the 
frequency and duration of his attacks had greatly increased, occurring several times weekly and 
lasting as long as forty-eight hours. The only positive cardiac finding was moderate enlargement 
of the heart. The blood pressure was 136/82 mm. Hg. 

The conventional electrocardiogram revealed regular sinus rhythm with occasional ventricu- 
lar extrasystoles. The P-R interval measured 0.11 to 0.12 second. The QRS complexes were 
widened and preceded by a positive delta wave in Lead I and a negative delta wave in Leads II 
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and III. The RT segment was elevated in Lead I and depressed in Lead III. The delta wave 
was negative in Vp and positive in Vi, concordant with the main direction of the respective QRS 
complex. The ventricular complexes over chest positions V; and V2 showed small R, deep S 
complexes preceded by positive delta waves and followed by positive T waves. V5; and V. showed 
high R waves, also preceded by positive delta waves and followed by slightly depressed RT 
segments and diphasic T waves. Esophageal leads were recorded, the tip (E1) positioned fluoro- 
scopically about 6 cm. below the diaphragm. Tracings E; to E, over the diaphragmatic surface 
of the heart revealed positive delta waves, high R and small S waves, depressed RT segments, 
and diphasic T waves (similar to V,). Negative delta waves were recorded from E; to Ej. 
Intrinsic deflections of the atrial complexes appeared clearly at Ey and were followed by ven- 
tricular complexes, predominantly of the R, deep S configuration. 

Intracardiac leads were recorded as follows: Pulmonic valve region, pulmonic conus, right 
ventricular cavity, ventricular aspect of tricuspid valve region: ‘Tracings from all these points 
showed positive delta waves followed by R waves with peak at 0.19 second. The T waves in the 
right ventricular cavity were positive. 

The tracings obtained low in the right atrium in the region of the tricuspid valve showed 
complexes similar in configuration to those recorded in the right ventricular cavity. However, 
the peak of the R wave was earlier and the T wave inverted. Successive tracings recorded at 
various points during withdrawal of the exvloring electrode toward the sinoatrial node region 
revealed deep negative delta waves (Fig. 3) followed by QS waves at lower levels, and by small R, 
deep S, small R’ complexes at upper levels. The T waves of these complexes were inverted. 
At the sinoatrial node region the delta waves were positive, followed by RSR’ complexes. 

The QRS-T complexes recorded over chest position V; were identical in configuration with 
those obtained from the right ventricular cavity. 

Quinidine lactate,* 0.65 Gm., was injected intravenously over a period of two minutes (Fig. 4) 
and continuous tracings recorded with the electrode situated in the right ventricular cavity. The 
following changes were noted within one and one-half minutes after the onset of the injection. 
While the peak of the R wave in the control tracings preceded that of the simultaneously recorded 
V5 by 0.02 second, it was now seen to follow by 0.04 second. The RT segment became devressed 
and the T waves deeply inverted. : 

The QRS complexes were widened, increasing in duration from 0.10 second of the control 
record to 0.14 second. Simultaneously R’ waves appeared in V; and a small and broadened S 
wave in V;. These changes were transient, and the tracings returned to the control configuration 
within fourteen minutes. Numerous electrocardiograms taken during spontaneous attacks of 
paroxysmal tachycardia revealed atrial flutter with extremely bizarre ventricular complexes. 


CasE 3.—C. O'N., a 42-year-old white man, was admitted because of crushing substernal 
pain, weakness, sweating, and palpitation of six hours duration. Electrocardiographic studies 
revealed atrial flutter with ventricular complexes showing a slow rising R wave in Lead I, measur- 
ing 0.10 to 0.11 second. Regular sinus rhythm supervened aft«r quinidine therapy. 

The conventional electrocardiogram at this time showed a P-R interval of 0.12 second. The 
delta wave was slightly positive in Lead I and slightly negative in Lead III. It was slightly 
negative in Vp and Vf, while slightly positive in Vi. In the precordial leads, the delta wave was 
positive throughout. The RT segments were slightly depressed in Leads I and II, and slightly 
elevated in Vz. The T waves were low in the standard and extremity leads. V, and V2 showed 
Rs complexes with the peak of the R wave at 0.16 to 0.17 second after the onset of the P wave. 
The RT segments were devressed in Leads V3, V4, V5, and Ve«. The T waves were upright in 
V, and V2, diphasic in V3, V4, V5, and 

Intracardiac leads were recorded as follows: Pulmonic conus: <A positive delta wave was 
followed by a high RS wave with its peak at 0.15 second after the onset of the atrial complex, 
and a second RS wave at 0.20 second. The RT segments were depressed and the T waves deeply 
inverted. Right ventricular cavity: Positive delta wave was followed by high RS complex with 
its peak at 0.18 second. As the electrode passed the tricuspid valve region, an abrupt change in 

*Acknowledgment is made to Eli Lilly and Company, Indianapolis, Ind., and particularly to Dr. 


K. G. Kohlistaedt and Mr. W. F. Scharbach for supplying us with quinidine lactate for intravenous ap- 
plication. 
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the ventricular complexes was noted. An RR’ pattern (V:) and an S wave (V5) appeared with 
widening of the ventricular complexes from 0.12 to 0.14 second (see effect of intravenous quinidine 
lactate in patient No. 2). The ventricular complexes obtained at the botton of the right atrium 
(opposite the tricuspid valve) were nevertheless similar to those obtained within the right ven- 
tricular cavity. The T wave became positive at a point 2 cm. above the valve. Upper right 
atrium: With the appearance of well-defined atrial complexes, the delta wave became deeply 
negative, synchronous with that in E 4, and followed by a second negative deflection and a positive 
T wave. At the sinoatrial node region, the delta wave became inconspicuous, disappearing en- 
tirely in the region above it. 

Conventional leads taken immediately after catheterization showed a definite (positive) 
delta wave only in V;. The remainder of the electrocardiogram had the appearance of a partial 
right bundle branch block with a P-R interval of 0.14 second and a duration of the ventricular 
complexes of 0.13 to 0.14 second. An RR’ pattern was in V; and a deep S wave in V5. These 
changes were transient and no longer present in a record obtained the next day. Multiple esopha- 
geal leads were obtained with E, well below the diaphragm, immediately after cardiac cathe- 
terization. 

Intrinsic deflections of atrial complexes were already obtained at E;.. A deep negative delta 
wave was followed by a deep QR complex from E; to E;. (E4 and E; were also recorded before 
the appearance of QRS changes and had an almost identical configuration except for a slight 
lengthening of their terminal segments.) From E; to Ey the delta wave was no longer demon- 
strable and ventricular complexes had a small R, deep S configuration. 

The complexes of the precordial lead V; were identical to those obtained from the atrial side 
of the tricuspid valve region. 


CasE 4.—R.R., a 54-year-old woman of Puerto Rican extraction, had been experiencing 
occasional episodes of paroxysmal tachycardia for several years, at no time causing her to be 
incapacitated. Physical examination of the circulatory system revealed no abnormality. 

The conventional electrocardiogram revealed a regular sinus rhythm with intermittent 
appearance of ventricular complexes of Wolff-Parkinson-White configuration (Fig. 5). It was 
noticed that deep inspiration would make their appearance more frequent (increased vagal tone). 
In the abnormal appearing complexes, left axis deviation was present with a positive delta wave 
in Lead I and a negative one in Lead III. The P-R interval measured 0.11 second and the QRS 
complexes 0.08 to 0.09 second. Thedelta wave was negative in Leads RAAL and RMCL, poorly 
defined in V;, and positive in V2, V3, V4, Vs, Ve, and V7. In the abnormal beats the RT segments 
were depressed in V2 to Vz, followed by positive T waves. 

Esophageal leads were recorded with the tip of the electrode positioned 5 cm. below the 
diaphragm (E,). Subsequently, it was introduced another 5 cm. At this point below E;, the 
delta wave was positive followed by an R-S complex. Beginning with E; upward (5 cm. below 
the diaphragm), intrinsic deflections of the atrial complexes were seen. The ventricular com- 
plexes showed deeply negative delta waves followed by deep QS waves, elevated RT segments, 
and inverted T waves. 

Intracardiac leads were obtained as follows: Pulmonary artery near pulmonic valve, pul- 
monic valve, pulmonic conus, right ventricular cavity: An RR’ pattern was seen in those com- 
plexes without apparent aberrant conduction as judged from the simultaneously recorded Leads 
V, and Ve. The P-R interval of these complexes however was only 0.12 to 0.13 second with a 
QRS width of 0.07 to 0.08 second. In the beats with obvious aberrant conduction, a positive 
delta wave was seen with only minor changes of the remainder of the QRS complex. The pre- 
viously isoelectric RT segments became somewhat depressed. The previously upright T waves 
became diphasic in the lower pulmonary artery and pulmonic valve region. Their amplitude was 
lower in the pulmonic conus region and right ventricular cavity. 

At the tricuspid valve region (Fig. 6), the obviously aberrantly conducted, as well as the 
apparently normally conducted, beats (if judged by simultaneously recorded Leads V; and V5) 
were again similar in configuration: small R, deep S complexes followed by high positive T waves. 
Records obtained from the bottom of the right atrium showed RS complexes with inverted T 
waves. Again, little difference was noted between the two types of complexes encountered with 
the exception of a barely discernible positive delta wave. From about 1 cm. above this region to 
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and above the sinoauricular node region, simultaneously with the appearance of well-defined 
atrial complexes, deep negative delta waves were observed. These were followed by QS com- 
plexes, elevated RT segments, and upright T waves. Their timing and basic configuration were 
identical to those simultaneously recorded in E,. The apparently normally conducted complexes 
differed from the obviously aberrant beats only in that the initial portion of the negative deflection 
(slow delta wave) was somewhat shorter and steeper. Closer analysis of the esophageal leads, 
particularly Ey, E;, and Ex», showed the presence of a very short and more rapid delta wave even 
in the apparently normally conducted beats (as judged from simultaneous precordial leads V; 
and V5). The alternation, then, of the ventricular complexes was not due to differences in the 
mechanism of the spread of the excitation wave but rather to variable degrees of the same aberrant 
mechanism. Incidentally, it is to be noted that V, is identical in its basic configuration to the 
ventricular complexes recorded at the tricuspid region. 


Case 5.—N.C., a 64-vear-old man, has been suffering occasional attacks of paroxysmal 
tachycardia for over forty vears. During recent years, these episodes had often been associated 
with dyspnea and the sensation of fatigue. No significant findings were found on physical ex- 


amination. 


—+ 
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Fig. 8 N.C. (10, 4, 7 mm, per millivolt for record PC; 10. 7, 7 mm. per millivolt for the remainder: 
paper speed 100 mm. per second). Atrial flutter occurred during cardiac catheterization. High late 
R waves were obtained from the right ventricular cavity preceded by a bifid delta wave. At the tri- 
cuspid valve and within the right atrium, the delta wave is negative. 


The conventional electrocardiogram revealed regular sinus rhythm and left axis deviation. 
Che P-R interval measured 0.12 second, and the duration of the QRS complex was 0.12 second. 
The delta wave was very broad, positive in Leads I, Vo, Vs, V4, V5, and V6, and negative in Leads 
III and over RPAL, RAAL, RMCL as well as in V;. 

Esophageal leads from 5 cm. below the diaphragm (E, to Eyo) revealed deep negative delta 
waves followed by QS complexes (Fig. 7). The T waves were upright from E; to E;, where they 
showed a tendency to terminal inversion. They were negative ‘in the leads above E;. During 
intracardiac exploration, the patient developed atrial flutter which reverted to regular sinus 
rhythm thirty minutes after an intravenous injection of 0.5 Gm. of quinidine lactate. During 
this paroxysm, the basic Wolff-Parkinson-White configuration of the ventricular complexes 
remained unchanged. 

Intracardiac leads at various points revealed the following (Fig. 8): Pulmonic valve region, 
pulmonic conus, and right ventricular cavity: There were positive delta waves and late high 
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R waves with depressed RT segments and deeply inverted T waves. At the tricuspid region, 
the delta waves were still positive but were followed by small R, deep S waves, and upright T 
waves. Right atrium: From the bottom of the right atrium to the sinus node region the delta 
waves were deeply negative and followed by QS waves, elevated RT segments, and upright T 
waves. The QRS-T complexes recorded in V, had the identical configuration of those recorded 
from the right ventricular surface in the region of the tricuspid valve. 


Case 6.—S.F., a 72-year-old man, had been suffering attacks of angina pectoris of moderate 
degree for the past eight years. However, at no time had he experienced episodes of paroxysmal 
tachycardia. 

The conventional electrocardiogram revealed ventricular complexes which appeared to be 
typical of left bundle branch block with the QRS measuring 0.16 second. The P-R interval, how- 
ever, measured only 0.11 to 0.12 second. Vp, in addition, showed a typical negative delta wave. 

During intracardiac catheterization, it was impossible to enter the right ventricular cavity 
and pulmonary artery. With each attempt the exploring electrode entered the coronary sinus. 
There, the electrocardiogram revealed biphasic atrial complexes of high amplitude. The ven- 
tricular complexes showed high positive delta waves and equiphasic QRS complexes followed by 
depressed RT segments and inverted T waves. Near the point of re-entry of the exploring elec- 
trode from the coronary sinus into the right atrium, the atrial complexes showed high positive 
deflections. The ventricular complexes revealed positive delta waves, late high R waves, de- 
pressed RT segments, and inverted T waves (diaphragmatic surface of left ventricle). At the 
bottom of the right atrium opposite the tricuspid valve (‘tricuspid window”), the QRS complexes 
showed short negative delta waves followed by early, high R waves with slightly elevated RT 
segments and semi-inverted T waves. A few centimeters cephalad and at points approaching 
the sinoauricular node region, the delta waves became deeply negative and were followed by QS 
waves, elevated RT segments, and positive T waves. 

Esophageal leads could not be obtained. 


CasE 7.—J.J., a 24-year-old woman, had been suffering frequent bouts of paroxysmal tachy- 
cardia since earliest childhood. At the age of 14 years she had had an episode of rheumatic fever 
with polyarthritis. The physical signs of mitral stenosis were known to have been present for the 
past eight years. During the delivery of her only child, she developed transient pulmonary edema. 
Until the present, she had been able to perform her daily housework without difficulties. Once 
or twice weekly she had experienced attacks of paroxysmal tachycardia, lasting from several 
minutes to several hours. The diagnosis of mitral stenosis was substantiated at fluoroscopic ex- 
amination by the presence of a diastolic murmur with presystolic accentuation over the apex and 
an enlarged left atrium. There was no evidence of congestive heart failure. 

The conventional electrocardiogram revealed regular sinus rhythm, a P-R interval of 0.11 
second and QRS complexes measuring 0.11 second. The delta wave was negative in Vp and VL, 
and positive in Vr. The precordial leads showed positive delta waves throughout followed by 
R waves at 0.16 second after the onset of the atrial complex in V; and V2, and at 0.19 to 0.20 
second in V4, V5, and Ve. 

Esophageal leads were obtained with the tip of the electrode about 6 cm. below the dia- 
phragm. E;, Ex, and E; showed positive delta waves and high R and RS waves, respectively. 
Intrinsic deflection of the atria, incidentally, were well defined in E2 (about 4. cm. below the 
diaphragm) and above. E-; and all records above showed deeply negative delta waves, elevated 
RT segments, and upright T waves. 

During intracardiac exploration, nodal tachycardia occurred with disappearance of the 
Wolff-Parkinson-White configuration of the ventricular complexes (Fig. 9). The QRS com- 
plexes were of normal configuration and were followed by atrial complexes. The configuration 
of the atrial complexes depended greatly on the position of the exploring electrode, being of bi- 
phasic character near the sinoauricular node region and of QS configuration at the bottom of the 
right atrium. The paroxysm ceased promptly twenty minutes after 0.5 Gm. of quinidine lactate 
had been slowly injected intravenously. 

A similar injection of quinidine lactate (0.5 Gm. given over two minutes) in the absence of 
paroxysmal tachycardia caused within one minute (0.25 Gm.) the transient (ten minutes) dis- 
appearance of aberrant conduction. 
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DISCUSSION 


The findings in the intracardiac, esophageal, chest, and extremity leads 
may be summarized as follows: 

1. The sinoatrial node is the pacemaker. 

2. Negative delta waves and QS complexes appear simultaneously over the 
anterior surface of the right ventricle (ventricular complexes from the lower part 
of the right atrium with the exploring electrode directed toward the right ven- 
tricle) and the posterior surface of the left ventricle (lowermost esophageal leads). 

3. At the tricuspid valve region, the delta wave becomes positive and is 
invariably followed by a small R, deep S complex. 


Fig. 9.—J. J. ('°/;9 mm. per millivolt; paper speed 75 mm. per second). Normal tachycardia with 
normal conduction to the ventricle is recorded at mid-atrial (RA) level and sinoatrial (SA) node region. 


4. The right ventricular cavity invariably shows a late high R wave. Two 
forms can be observed: (a) a positive delta wave, continuing into a high R 
directly or with a short notched transition, often to be followed by a second R 
wave of equal height 0.02 to 0.04 second later; (b) a positive delta wave terminat- 
ing into a short and low R wave to be followed by a second R wave of high am- 
plitude. The T waves are either deeply inverted or high and upright. 

5. The configuration of V, is dependent upon which intracardiac potential 
projects itself towards the exploring point: right ventricular cavity, tricuspid 
valve region, or lower (diaphragmatic) surface of the right ventricle. 

6. The anterior left ventricular surface (V4 to V, or V7) invariably shows a 
positive delta wave followed by a high R wave. Similar records are obtained 
from the anterior diaphragmatic surface of the left ventricle by means of esopha- 


geal leads. 

7. Occasionally esophageal leads obtained at high left atrial levels reveal 
a positive delta wave followed by a small R, deep S ventricular complex (left 
ventricular cavity potential). The most frequent finding is a QS pattern. 
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8. Intravenous quinidine sulfate, in one case, transiently caused a later 
occurrence of the above-mentioned high R wave in right ventricular potentials 
with deep inversion of a previously upright T wave and the appearance of an 
RR’ pattern in V;. 

9. Records obtained during paroxysmal tachycardia revealed atrial flutter 
with abnormal (Wolff-Parkinson-White) complexes or nodal tachycardia with 
normally conducted complexes. 

CONCLUSIONS 


Our analysis of the pathway of the excitation wave from the above data is, 


therefore, as follows: 


1. The sinoatrial node is the pacemaker. 

2. Conduction of either ventricle does not occur through the atrioventricular 
node or through the bundle of His and its branches. 

3. The conduction to the ventricles occurs via a slow conduction medium 
(accessory or rudimentary muscular fibers) and is expressed by the so-called delta 
wave (named by Segers and associates’). 

4. This abnormal conduction system carries the excitation wave simul- 
taneously to portions of the anterior surface of the right ventricle (intracardiac 
leads of lower segments of right atrium) as well as the posterior surface of the 
left ventricle (esophageal leads near diaphragm) and its posterior endocardial 
surface (esophageal leads at left atrial level, reflecting left ventricular cavity 
potentials). 

5. With respect to the right ventricle, the excitation wave spreads from the 
epicardium toward the endocardium. In some cases, the right ventricular surface 
of the interventricular septum is stimulated by the end of the right ventricular 
excitation wave. In others, the right side of the septum receives its stimulus only 
from the direction of the left ventricle. Under these circumstances, it has 
predominantly the potential of a ‘‘free wall” of the left ventricle with a correspond- 
ing later R wave. Small R and deep S waves on the surface and high R waves 
within the cavity have been found in normal calves.'* This would allow the 
conclusion that the spread of the excitation wave is from the surface (epicardium) 
toward the cavity (endocardium). In cattle the Purkinje fibers penetrate to the 
epicardium’ and, therefore, excite the surface fibers before those of the cavity. 

6. <A functional block within the atrioventricular node or its nonresponsive- 
ness to the atrial excitation wave allows the accessory pathways to function as the 
conduction medium to the ventricle. 

7. When atrial flutter arises as the sustaining mechanism of paroxysmal 
tachycardia, the excitation wave may be assumed to follow a circus pathway: 
accessory pathway—Purkinje fibers—bundle of His—atrioventricular node 
re-entry of wave into atria—accessory pathway, etc. The invasion of the 
Purkinje fibers, bundle of His, and atrioventricular node is postulated to occur in 
retrograde fashion. 

8. When nodal tachycardia is found as the sustaining mechanism of an 
attack of paroxysmal tachycardia, the excitation wave travels along the bundle 
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of His in a physiological direction, namely downward. The ventricular complexes 
have under these conditions a normal configuration. 

Fusion Beats and Their Relation to the Wolff-Parkinson-White Conduction.- 
Quite frequently during intracardiac catheterization, particularly with the 
exploring electrode at the pulmonic valve or tricuspid region, P-QRS-T complexes 
of a particular configuration are obtained (Fig. 10). The P waves from intra- 
cardiac, precordial, and esophageal leads have a normal appearance and are of 
sinoauricular node origin. The P-R interval shows a variable degree of shorten- 
ing. The QRS-T complexes in the right ventricle have invariably a OS pattern 


No. 59. J.R. 
RA NEAR TRi V (6) 


Fig. 10.—-J. R. Fusion beats appearing during intracardiac catheterization simulating Wolff- 
Parkinson-White conduction in external leads (V;, V5). They are due to ventricular premature beats 
joining a normal atrial complex and directed attributably to the procedure of catheterization. 


followed by an upright T wave. Although there is a superficial resemblance 
to the Wolff-Parkinson-White configuration, a characteristic delta wave is never 
encountered. Furthermore, such records are obtained only in patients without 
Wolff-Parkinson-White syndrome. These complexes can safely be regarded as 
directly related to the procedure of intracardiac electrocardiographic exploration. 
The mechanism of production probably is as follows: The presence of the intra- 
cardiac exploring electrode produces an irritable focus which is discharged within 
a variable time interval after atrial systole. The discharge is effected either 
electrically by the atrial potential produced, or more likely, mechanically by the 


atrial contraction proper. 
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On the basis of their studies of the hemodynamics of patients with Wolff- 
Parkinson-White syndrome, Ferrer and co-workers! arrived at the conclusion 
that neither ventricle was activated by the normal conduction pathways, and it 
appeared rather likely to them that the ventricular excitation wave was conducted 
entirely via muscular tissue. Prolongation of the interval between Q wave and 
the intraventricular pressure rise was found in the two cases studied. 

Their conclusions are similar to ours, although based on facts obtained 
solely by hemodynamic studies. 

To the best of our knowledge, Rosenbaum and associates,'' on the basis of 
‘pre-excitation”’ 


‘ 


esophageal and chest leads alone, were the first to assume that 
of both ventricles occurred, but varied in degree only. Differentiation of their 
types A and B, based on variations of the right-sided chest pattern, no longer 
appears necessary. As can be seen from our records, right ventricular cavity and 
surface potentials are entirely different. This difference is constant in all our 
cases, and we are, therefore, led to believe that the configuration of the ventricular 
complexes over chest position V; is determined merely by which of the intra- 
thoracic potentia's happens to be projected to this area. If cavity potentials 
are projected toward the exploring electrode at V;, a delayed high R wave is 
found. If the potentials of the tricuspid region or the anterolateral surface of 
the right ventricle are projected to chest position V,, a positive delta wave with 
a small R, deep S pattern, or a negative delta wave followed by a Qs pattern 
is found, respectively. Therefore, we believe that the variation of the chest 
lead patterns is due to the position of the heart and the direction of the cardiac 
field potentials, rather than to primary differences in the spread of the excitation 
wave. Predominant right or left ventricular ‘‘pre-excitation’’ as postulated by 
Rosenbaum need not be invoked. Records of intracardiac potentials of patients 
with Wolff-Parkinson-White “conduction, however, were not available to them 
for their analysis. 

Sodi-Pallares and associates’ reported the analysis of their six patients with 
Wolff-Parkinson-White syndrome by means of intracardiac leads. Their con- 
clusions based, also, on appropriate experimental work were that fusion occurs 
between a normal atrial complex and a ventricular complex prematurely dis- 
charged from an ectopic right ventricular focus. Two types were differentiated: 
(1) those with RS complexes at the tricuspid valve region and QS complexes 
at the pulmonic conus region, and (2) those with QS complexes at the tricuspid 
valve region and high R waves from the pulmonic conus region. 

Ectopic foci caused in dogs by mechanical pressure produced fusion beats 
of normal atrial complexes and only slightly delayed ventricular extrasystoles. 
These beats could be elicited in the pulmonic conus or tricuspid regions. 

These authors’ interpretations are, however, not acceptable in their entirety 
and their conclusions are open to criticism. We believe it entirely unreliable to 
judge the position of the exploring electrode from the configuration of the elec- 
trocardiographic complexes obtained. Our experience has been that right ven- 
tricular cavity potentials with low atrial complexes may also be obtained with 
the exploring electrode at atrial levels facing the tricuspid valve. Critical study 
of the published tracings of these six cases convinces us that none of the records 
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were obtained from either pulmonic conus or right ventricular cavity directly. 
In the first case, the very high amplitude of the atrial complexes together with 
the diagram of the positions of the exploring electrode indicate that the electrode 
was most likely in the coronary sinus rather than in the right ventricular cavity. 
For the same reason, it may be doubted that the supposed right ventricular poten- 
tials were truly intracavital in Cases 3 and 4. These may also have been ob- 
tained from the coronary vein or from the coronary sinus. From the diagrams 
of Cases 2 and 6, it seems unlikely that the exploring electrode was beyond the 
tricuspid valve. No diagram is shown for Case 5, one of transient Wolff- 
Parkinson-White conduction. 

As mentioned above, fusion beats are frequently encountered during intra- 
cardiac exploration. It is improbable that they bear any relationship to the 
Wolff-Parkinson-White pattern as suggested by Sodi-Pallares and associates? 
and Hunter and associates.* Nor is there evidence that normal and abnormal 
conduction to either ventricle coexists as thought by Oehnell,t Butterworth 
and Poindexter,®:" and Malinow and Langendorf." The interesting suggestion 
of Segers, Lequime, and Denolin, that the delta wave is due to an integration 
of the normal electrocardiogram and the potential of an accessory muscle bundle 
(‘‘onde supplementaire’’), is not supported by our findings. 


The Anatomical Nature of the Accessory Pathway.—Our conclusions are based 
on electrocardiographic studies alone. Although accessory muscle bundles 
have been found at autopsy by several authors (Wolferth and Wood,’ Oehnell,‘ 
Segers and co-workers,® and Mahaim"), it is difficult to see how a single narrow 
muscle band like the bundle of Kent or similar structures can possibly account 
for the simultaneous right anterior and left posterior transmission of the excita- 
tion wave. In this, we agree with Erlanger” and Rosenbaum and associates.'° 
Incomplete isolation of the atrial from ventricular muscle fibers at the atrio- 
ventricular junction could serve as a sufficiently acceptable mechanism. Since 
Wolff-Parkinson-White conduction is not a constantly present phenomenon, 
‘competition’ between the regular and accessory pathways on a functional 
basis may well be the explanation for its intermittent occurrence. The atrio- 
ventricular node may be most responsible for blocking the transmission of the 
excitation wave to the bundle of His, thus “‘forcing”’ its spread to the ventricles 
along accessory pathways. 


The Prevailing Mechanisms During Paroxysmal Tachycardia in Patients 
With Wolff-Parkinson-White Conduction.—Atrial flutter and fibrillation and nodal 
tachycardia have been the mechanisms encountered by us. Although several 
records, at first glance, showed similarity to those obtained in ventricular tachy- 
cardia, detailed study of all our cases proved them to be instances of atrial flutter. 
Nor is the evidence for the diagnosis of ventricular tachycardia in patients with 
Wolff-Parkinson-White conduction entirely satisfactory in those cases reported 
as such in the literature."© Increased widening of the ventricular complexes 
with the occurrence of rapid ventricular response in atrial flutter has been re- 
peatedly séen by us. We believe this to be a very common sustaining mechanism 
of paroxysmal tachycardia in patients with Wolff-Parkinson-White conduction. 
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Since we found a circular pathway for the excitation wave in atrial flutter,!” 
we may assume that it also exists when this arrhythmia arises in patients with 
Wolff-Parkinson-White syndrome. A re-entry of the excitation wave in a retro- 
grade fashion from the septal region of the ventricles into the atria via the 
atrioventricular node would close the gap of a circular pathway. 

When nodal tachycardia is encountered as the mechanism of paroxysmal 
tachycardia, conduction of the excitation wave to the ventricles occurs through 
the bundle of His in a normal direction with subsequent normal invasion of the 
ventricular musculature. The atrial complexes follow the ventricular complexes. 

It is possible that in instances of atrial tachycardia with the ectopic focus 
within the proximity of the accessory muscle fibers, the ventricular complexes 
will show evidence of Wolff-Parkinson-White conduction. 


SUMMARY 
In seven patients with Wolff-Parkinson-White electrocardiograms, the course 
of the excitation wave has been explored by means of intracardiac and esophageal 
leads. The findings strongly suggest that the excitation wave originates in 
the sinoatrial node and reaches the posterior aspect of the left ventricle and 
anterior aspect of the right ventricle simultaneously. The atrioventricular con- 
duction is probably effected by means of accessory muscular pathways. The 
right ventricular myocardium is stimulated from the epicardial surface toward 
the cavity. The right ventricular segment of the interventricular septum is 
stimulated either at the end of the right ventricular excitation or, in some cases, 
it seems to receive its excitation wave predominantly from the direction of the 
left ventricle. Atrial flutter was the most frequently observed arrhythmia 
in these patients during paroxysms of tachycardia. The ventricular complexes 
remained abnormal or had an exaggerated abnormal appearance, resembling those 
encountered in ventricular tachycardia. In one instance, nodal tachycardia was 
recorded with normal ventricular complexes. This would suggest that the 
excitation wave passed down to the ventricles along the bundle of His in a normal 
fashion. 
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THE VALUE OF THE aV LIMB LEADS AND THE V CHEST 
LEADS (Vix TO V;) IN ROUTINE CLINICAL 
ELECTROCARDIOGRAPHY 


R. H. RosENMAN, M.D.,* E. SitBer, M.D.,** L. N. Katz, M.D., 
AND B. SHorr, M.D. 


CHICAGO, ILL. 


N RECENT years the emphasis in the field of electrocardiography has been 

in the direction of greater accuracy and refinement in diagnosis by means of 
more extensive exploration of precordial potentials. This has led not only to 
an increase in the number of precordial lead positions employed, but also to the 
development of techniques designed to avoid the distortions inherent in the ordi- 
nary bipolar connections. The central terminal developed by Wilson and his asso- 
ciates! is the nearest practical approach to the theoretical ideal of an indifferent 
electrode having a null potential. It has been demonstrated, however, that even 
this indifferent electrode does not remain at zero potential during the heart 
cycle. For this reason we have deplored the term “‘unipolar’’ lead with reference 
to Wilson's central terminal and have preferred the designation V lead. Never- 
theless, the V chest leads have been found to be more accurate than the CF, 
CR, or CL connections* and should be employed routinely. The combined use 
of V limb and V chest leads has found wide application, and their clinical value 
is now firmly established.* 

Recently, our interest has centered around an evaluation of the leads which 
would prove to be most fruitful for routine electrocardiographic analysis. In 
large institutions it is undesirable and costly to employ a battery of leads without 
regard for the fact that many of these leads do not regularly yield sufficient 
information to justify their routine use. This analysis was not designed as a 
study of the statistical value of each of the electrocardiographic leads used here. 
Such a study would have necessitated many more records obtained seriatim from 
more patients than comprise this survey. The value of the aV limb leads in the 
interpretation of individual electrocardiograms has already been well established. 
Our purpose was to determine whether the accuracy of routine electrocardio- 
graphic diagnosis could be increased appreciably enough to warrant the routine 
use of leads other than I, II, III, and Vo, V4, and V; which we have been using. 
It was also believed important to determine whether the routine use of the 
additional precordial leads would obviate the routine use of the aV limb leads. 
As a corollary, it was important to determine which combination of leads, taken 


routinely, would satisfy the demands of accuracy and practicability. 
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SUBJECTS AND METHODS 


The electrocardiograms of 466 consecutive patients referred from the various 
outpatient departments of Mandel Clinic were the subject of this study. The 
majority of the patients were adults, varying in age from 20 to 85 years. How- 
ever, many of the electrocardiograms exhibiting right heart strain were obtained 
from children with congenital heart disease, referred to the Heart Station fer 
intracardiac catheterization and angiocardiographic studies. Additional in- 
stances of intraventricular block with and without myocardial infarction were 
excluded. Our experiences with the latter will be discussed in a separate com- 
munication. It is the practice of the Outpatient Clinic to obtain routine electro- 
cardiograms of many patients, so that many of the electrocardiograms were 
obtained from patients without disease of the cardiovascular system. There- 
fore, the patients studied represented a random sampling without regard to the 
presence of organic heart disease. An additional forty-nine consecutive electro- 
cardiograms were obtained as ‘emergencies’ from hospitalized patients. In 
the latter group the clinical indication was usually the suspicion of recent myo- 
cardial infarction. These records were included in order to provide a representa- 
tive group of patients with coronary artery disease in whom the value of the elec- 
trocardiogram may be great. 

Leads I, II, aVe, Vito Vz, Vir, and Vag were recorded in each 
instance. The precordial leads were obtained by using the central terminal.! 
The aV limb leads were recorded by the method of Goldberger,'® modified by the 
introduction of a 5,000 ohm resistance in every connection of the indifferent 
electrode to minimize current flowing through the skin." 

The six-lead electrocardiograms (leads I, II, II] and Vs, V4, Vs) were 
interpreted in a routine manner according to criteria previously set forth.’ 
The fifteen-lead electrocardiograms were then interpreted independently and 
final diagnoses reached. Criteria for normality, left heart strain, and right heart 
strain were those that have been recently set forth by Sokolow and associ- 
ates.":-3.'' The results were tabulated in a manner indicating whether the 
additional leads clarified and provided added information not obtained from the 
six leads. 

Many of the patients were fluoroscoped in the horizontal position, and the 
anatomic position of the heart on its anteroposterior axis was estimated, using 
‘electrical position.” 


‘ 


the same nomenclature as that employed in describing the 
A correlation of the “electrical” and anatomic positions was made in three groups 
of cases comprising 200 patients. 


RESULTS 


The electrocardiograms obtained from a total of 515 patients were included 
in this analysis. The fifteen-lead electrocardiograms were placed in one of six 
categories enumerated later and were then further subdivided on the basis of 
whether the additional leads were essential or superfluous to the correct inter- 
pretation. Three groups of records were classified (Table I) with respect to the 
“electrical position” of the heart; this was omitted in the cases of right heart 
strain, of recent and of previous myocardial infarction where experience has shown 
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TABLE I. THE ELECTRICAL POSITION IN THREE GROUPS OF PATIENTS 


“*ELECTRICAL POSITION ’’T 


ELECTROCARDIOGRAPHIC NO. 
DIAGNOSIS GROUP* | CASES 
H S.H INT S.\V V 
Normal I 160 20 15 48 41 36 
Il 16 2 2 6 3 3 
Nonspecific abnormalities I 120 13 20 26 28 33 
II 17 0 3 5 5 4 
Left heart strain I 88 28 15 27 8 10 
Il 24 1 3 1 6 13 
Totals 425 64 58 113 91 99 


*Group I = Cases in which the routine six-lead electrocardiogram corroborated final interpretation. 
Group II = Cases in which the routine six-lead electrocardiogram failed to corroborate final interpre- 


tation. 
+H. = horizontal. 
S.H. = semihorizontal. 
Int. = intermediate. 
S.V. = semivertical. 
V. = vertical. 


that determination of position may be difficult and inaccurate.‘ As anticipated, 
so far as position was concerned, the chief value of the additional leads employed 
was in the correct interpretation of left heart strain in ‘‘electrically”’ vertical and 
semivertical hearts. 

Two hundred of the patients in the same three groups were fluoroscoped. 
The anatomic position of the heart with respect to the anteroposterior axis was 
estimated, using the same nomenclature as that for describing the “electrical 
position”’ (Table Il). The determination of the anatomic position was based on 
impression, since no quantitative analysis was undertaken. It was, however, 


TABLE II. CORRELATION OF THE ELECTRICAL AND ANATOMIC POSITION OF THE HEART IN 
200 PATIENTS (INCLUDED IN TABLE I) 


NO. CASES WITH CORRELATIONT 


ELECTROCARDIOGRAPHIC NO. 
DIAGNOSIS GROUP* CASES 

EXACT GOOD POOR 

Normal I 75 21 4 10 
II 12 4 7 1 

Nonspecific abnormalities I 52 20 15 17 
II 12 4 4 4 

Left heart strain I 40 12 21 7 
I] 9 1 6 2 

Totals 200 62 97 41 


*See Table I for explanation. 
+See text for explanation of nomenclature. 
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arrived at independently. The correlation between the “‘electrical’’ and anatomic 
positions was similar in sixty-two instances (31 per cent). A good correlation, 
one in which the “‘electrical’’ and anatomic axes were not more than one position 
apart (e.g., “‘electrically’’ horizontal and anatomically semihorizontal), was 
obtained in an additional ninety-seven cases (48.5 per cent). The correlation 
was poor in the remaining forty-one cases (20.5 per cent). In the presence of 
marked cardiac enlargement, the correlation of ‘‘electrical’’ and anatomic posi- 
tions was least accurate, and therefore, unreliable. Disregarding the significant 
subjective element in the fluoroscopic estimation of the anatomic position, 
there was an identical or close correlation with the “‘electrical’’ position in 79.5 
per cent of the 200 cases. 

Normal Electrocardiogram.—There were 176 normal electrocardiograms, 
of which sixteen (9.1 per cent) had been misjudged to be abnormal on the basis 
of the usual six-lead electrocardiogram (Table III). By means of the aV limb 
leads, deep S waves in Leads II and II! were shown to be within normal limits 
in two cases. Fig. 1,A illustrates such a pattern, showing the origin of deep S 
waves in Leads II and III to be due to a horizontal “electrical’’ position. In 
fourteen instances it was acknowledged that findings regarded as abnormal on 
the basis of only three precordial leads were normal in view of multiple chest 
leads. In Lead V2, a small R wave or a flattened or inverted T wave led to the 
mistaken judgment of presumed abnormality. Variations of this kind may occur 
in this lead when the right ventricle is rotated anteriorly due to clockwise rota- 
tion of the heart on its longitudinal axis. In these instances the multiple pre- 
cordial leads revealed the latter basis for the changes observed. 


TABLE III. A SUMMARY OF THE DATA OBTAINED From 515 ELECTROCARDIOGRAMS 


NO. CASES IN WHICH SIX-LEAD ECG 


FINAL INTERPRETATION TOTAL NO. 
BASED ON 15 LEADS CASES 
CORROBORATED FINAL | FAILED TO CORROBORATE 
INTERPRETATION FINAL INTERPRETATION 
Normal 176 160 16 
Nonspecific abnormality 137 120 17 
Left heart strain 112 88 24 
Right heart strain 25 12 13 
Recent myocardial infarction 37 35 2 
Chronic coronary insufficiency 28 23 5 
Totals 515 438 77 


Nonspecific Abnormalities of the Electrocardiogram.—Nonspecific abnor- 
malities were noted in 137 electrocardiograms. Low voltage, abnormal P waves, 
and cardiac arrhythmias were not included as criteria of abnormality for this 
analysis. There were seventeen (12.4 per cent) instances in which these abnormal 
QRS complexes or T waves were present only in one or more of the additional 
leads, the usual six-lead electrocardiogram being within normal limits (Table 
III). The abnormality was observed in Lead V, in one patient, in V; in two, in 
Vin one, in aV_, in four, and in aVr in nine. In three instances of an abnormal 


x 


iviiy 


i 
| 


578 AMERICAN HEART JOURNAL 


Lead there were also abnormalities in Lead or aV,. Fig. 1,B illustrates 
abnormal S-T-T contours limited to Leads Vg and V;. One year later, a pattern 
of left heart strain appeared in all leads. 

In addition, there were five abnormal six-lead records in which the abnor- 
malities were more marked in the additional leads. They were noted in leads 
in three, in one, and in one record. 

Left Heart Strain in the Electrocardiogram.—Ore hundred twelve electro- 
cardiograms exhibited abnormalities of the QRS and S-T-T complexes indicative 
of left heart strain (Table III). The additional leads permitted a correct inter- 
pretation in twenty-four cases (21.4 per cent), nineteen of which were in “elec- 
trically’’ vertical and semivertical hearts (Table I). An unequivocal heart 
strain patcern was observed in Lead aVr in fourteen patients; in eight it was the 
only lead showing the characteristic contour and was, therefore, essential to the 
diagnosis; in the six remaining cases the strain pattern seen in Lead aVr was 
also present in V4 and/or V;. Lead aV, was the only lead exhibiting left heart 
strain in one patient; in another record the pattern in aV,, was also seen in Leads 
V,«and V;. In seven instances V4 and V; were the only leads showing definitive 
left heart strain. In only one record of the entire group was the strain pattern 
confined to Lead V;. Fig. 1,C and D, illustrates left heart strain patterns 
in which diagnostic abnormalities appeared only in Leads V4 and V; (D) and 
aVpr, Ve, and V; (C). The appearance of the strain contours only in Leads 
V, and V; is due to the clockwise rotation on the long axis. 

In six other records in which the usual six-lead electrocardiogram revealed 
left heart strain, this pattern was, nevertheless, better seen in one or more of the 
additional leads (in V, and V; in three, in aVr in one, and in aV_ in two cases). 

The value of the additional leads in this group may be summarized as 
follows: When aV limb leads and multiple precordial leads were employed, the 
definitive heart strain patern was usually observed in more than one of the addi- 
‘electrically”’ vertical heart 


tional leads. If the pattern of left heart strain in an 
had been recognized in the standard limb leads, the correct diagnoses could 
have been made in many of the cases in which the usual six-lead electrocardiogram 
failed to establish the diagnosis. Under such circumstances, Leads aV, and 
aV ¢ would have been less essential. Leads V ,and V7 were more often the sole leads 
to reveal a heart strain pattern than were aV, or aVr; nevertheless, the latter 
were of sufficient value in this regard to merit their use in routine electrocardio- 
graphy. Lead V« was, by far, the most important single added lead in this 
group of patients. 

Right ITeart Strain in the Electrocardiogram.—There were twenty-five electro- 
cardiograms exhibiting right heart strain (Table I11). The additional leads were 
essential to the correct interpretation in thirteen cases (52 per cent). The 
usual six-lead records were interpreted as being normal in three of these cases 
and as abnormal in ten. The specific diagnosis of right heart strain in this 
group, however, necessitated the additional leads. Although the strain pattern 
was often noted in several of the additional leads in many of the sixteen cases, 
in seven of these Lead V,; was the only additional lead necessary to establish 
the diagnosis. Fig. 2,A illustrates the importance of Lead V; in the diagnosis 
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of right heart strain. Lead aVR was essential to the correct interpretation in only 
one electrocardiogram and Lead V 3x or V 4g in five others. Fig. 2,8 illustrates 
the diagnostic value of Lead V 3x or V 4x in the interpretation of early right heart 
strain in children. The latter records were all obtained from children under 10 
vears of age. 

Recent Myocardial Infarction in the Electrocardiogram.—Recent myocardial 
infarction was correctly interpreted in the usual six-lead electrocardiogram in 
thirty-three proved cases, although the infarct pattern was more distinctly 
revealed in Leads aV, and V3; in two and in aV, alone in three patients (Table 
111). The electrocardiographic patterns indicated recent myocardial infarction 
involving the anterior wall in twenty-four records and the posterior wall in nine 
others. Recent myocardial infarction was suspected, but could not be diagnosed 
with certainty in another two patients; here the additional leads were diagnostic 
(aV re in one and aV,_ in another). In another record in which the six leads were 
interpreted as exhibiting acute cor pulmonale (pulmonary embolism), the 
typical pattern of posterior wall infarction was observed in Lead aVy. In an 
additional instance, posterior wall infarction was observed in Lead aVy, whereas 
the usual six-lead electrocardiogram was interpreted as exhibiting only left heart 
strain. Fig. 2,C illustrates the value of Lead aVr in the diagnosis of posterior 
wall infarction. 

Chronic Coronary Insufficiency in the Electrocardiogram.—Twenty-eight 
electrocardiograms exhibited evidence of previous myocardial infarction and other 
criteria of chronic coronary insufficiency.’ Of these, there were five instances 
(17.8 per cent) in which the stigmata of previous infarction were observed only 
in the additional leads (Table III). Thus, the diagnostic pattern of posterior 
wall infarction was noted in Lead aV,y alone in two cases, of lateral wall infarc- 
tion only in Lead aV_, in one case, and of anterior wall infarction only in Lead 
\V; in two instances. Fig. 2,D presents a record in which Lead V; proved in- 
valuable in the diagnosis of anterior wall infarction, in this instance having 
occurred several years previously. 

DISCUSSION 

The additional leads were found essential for the correct interpretation 
of 77 (15 per cent) of the 515 electrocardiograms that were analyzed (Table 
IV). The aV limb leads were diagnostic in 6.8 per cent of all patients in the 
absence of Lead V; or in 6 per cent with the latter present. The additional 
precordial leads (V 4x or Vsr, Vi, V3, and V«) were essential to correct diagnosis 
in 8.2 per cent. Lead V; was essential in another 0.7 per cent. The calculated 
percentage usefulness of the aV limb leads in this study was based on the inter- 
pretation of the usual six-lead electrocardiograms according to the empirical 
criteria employed in this department.® In recent years the effect of the ‘‘elec- 
trical’”’ position of the heart on the standard limb lead pattern observed in various 
conditions has been emphasized.* Interpretation of the usual six-lead records 
in terms of newer knowledge of the standard limb leads, particularly in con- 
junction with the precordial leads, which we had begun to practice, would have 
significantly decreased the diagnostic value of the aV limb leads. This was par- 
ticularly apparent in the recognition of left heart strain in “‘electrically”’ vertical 
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and semivertical positions. One benefit of the extra leads has been to improve 
the interpretation derived from the usual six leads. Continuation of their em- 
ployment should further enhance such utility. 

The normal range of the standard limb leads has been extended in recent 
vears because of the aid offered by the aV limb leads. The latter have made 
possible the recognition that changes formerly postulated as abnormal in the 
limb leads were merely an expression of normal variations in “electrical” posi- 
tion. This was evidenced in several instances in this study. The use of multiple 
precordial leads, over and above the three we have been accustomed to use, 
has also extended the normal range of individual leads, as illustrated by thirteen 
cases in this study (Table IV). Significant rotation of the heart on its long axis 
can shift the ‘‘transition zone’’ of QRS complexes and T waves to the right or 
left of its usual position. Our experience indicates that absolute criteria in- 
volving amplitudes of R, S, and T waves in the precordial leads are of lesser im- 
portance than a normal progression of amplitude and direction in the complete 
precordial electrocardiogram from V 4a to V;. 


TaBLE IV. THe NUMBER OF CASES IN WHICH EACH ADDITIONAL LEAD WAS ESSENTIAL 
FOR THE FINAL CORRECT INTERPRETATION 


ELECTROCARDIOGRAPHIC LEAD 


INTERPRETATION | | aVer | Vi | Ve Van* |CHESTT| aVt 
Normal 13 | 3 
Nonspecific abnormal- 
ities 4 9 1 2 1 
Left heart strain 1 12 10§ 1} 
Right heart strain 1 J 7 5 
Recent myocardial 
infarction 2 
Chronic coronary in- 
sufficiency 1 2 2 
lotals 1 6 25 8 4 11 1 5 13 3 


*Refers to either Lead Vsr or Vir which were alike in the five cases. 

+These cases required examination of multiple aV or of multiple precordial leads for correct inter- 
pretation of normality. 

112. if Lead V; is excluded: if V- is included, then V; is essentialin five cases of left heart strain and 
aVr necessary in only eight cases. 

§If aV limb leads are excluded; V¢ is essential in only seven cases if aV limb leads are included. 


As expected, nonspecific abnormalities were occasionally noted only in one 
or more of the additional leads (Table IV). The findings in patients exhibiting 
heart strain were of greater interest. One-half of the records presenting right 
heart strain were correctly interpreted only with the aid of the additional leads, 
particularly Leads V;, and However, Lead V3x or V was essential 
only in children, and they were found to be closely similar to each other in all 
cases. In each of the electrocardiograms obtained from adults which required 
additional leads for correct interpretation, Lead V, was sufficient for the diagnosis. 
Instances of advanced right heart strain were readily observed in the ordinary 
chest Leads V2, V4, and Vs. The right-sided precordial leads were especially 
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valuable in cases of less marked heart strain, in which a diagnostic pattern was 
noted only in the leads in closest proximity to the right ventricle. This is not 
surprising in view of the apparent domination of the electrocardiogram by poten- 
tials developed during the activation of the left ventricle. Although the pattern 
was often apparent in Lead aVp, only one case required this lead for diagnosis, 
the strain pattern also being present in Leads V,; and (and V 3p). In gen- 
eral, the most striking heart strain patterns were observed in Leads V3 and 
\ sr,’ although a pattern sufficient for diagnosis was usually concomitantly present 
in Lead V,;. In retrospect, the correct diagnosis of right heart strain might have 
been arrived at in a greater number of the usual six-lead electrocardiograms had 
more attention been paid to the amplitude of the R wave and the time of onset 
of the “intrinsicoid” deflection in Lead V>:. 

The recognition of the classical abnormalities indicative of left heart strain 
in the standard limb leads heretofore has been based on the patterns usually 
present in “electrically’’ horizontal and semihorizontal positions.° The pattern 
in the standard limb leads in “electrically”’ vertical and semivertical positions 
often closely resembles that previously considered indicative of right heart strain. 
A left ventricular strain pattern in the precordial leads usually makes possible 
a correct interpretation in such instances. However, even the trained observer 
often requires the aid of the aV limb leads for their certain differentiation. 
The incidence of left heart strain in “electrically” vertical positions is attested 
to even in this small series of cases. It is further apparent that the pattern of 
left heart strain frequently may be observed only in the precordial leads recorded 
to the left of V3, particularly in instances of significant clockwise rotation of the 
heart on its long axis (i.e., left ventricle displaced posteriorly). It is significant 
that records exhibiting left heart strain with aconcordant pattern or a right axis 
shift in the standard limb leads are often electrocardiographically indicative of 
only left, and not combined, ventricular strain.’ 

Our experience supports the fact that patterns diagnostic of previous (re- 
mote) myocardial infarction may be observed only in leads other than those 
heretofore routinely taken. The value of Lead aVy in the diagnosis of recent 
myocardial infarction involving the lateral wall of the left ventricle has already 
been demonstrated.* The value of Lead aVr in the diagnosis of recent posterior 
wall infarction has also been well established, particularly in its differentiation 
from the pattern of acute cor pulmonale.’ Lead aV» was found to be invaluable 
in two of the thirty-three cases studied. 

Our study indicates that, of the additional leads employed, either V sr 
or V sp was unnecessary. Lead aVx was also not essential but was useful for 
routine clinical electrocardiography. Lead V; was not required in the presence 
of Leads aV;, and aVr. Lead V3; proved to be of less value than any of the added 
precordial leads, but proved of value in an occasional case of anterior wall in- 
farction. Lead V« was found to be invaluable, particularly in the diagnosis of 
left heart strain. Leads V; and V 4x proved essential to the diagnosis of many 
instances of right heart strain. Leads aV, and aV,y were essential for the correct 
interpretation of many specific and nonspecific electrocardiographic patterns 


(Table IV). 
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The results of this study lead to the recommendation that the standard 
and aV limb leads and precordial leads V;, V2, V3, V4, Vs, and V« be employed 
for routine clinical electrocardiography. Lead V3 is valuable in adults, especi- 
ally when recent or old myocardial infarction is suspected clinically and when 
suspicious, but not diagnostic, changes are noted in Leads V; and V2. Lead 
an should be recorded routinely in children. It is preferred to Lead V 5p 
because of easier electrode placement. The routine use of these leads will enhance 
greatly the clinical value of the electrocardiogram. We have established the 
practice of taking twelve leads in all patients in the Heart Station as a result of 
this study. In persons over 10 years, the leads are: I, II, III, aVr, aVu, 
aVr, Vi, Vo, V3, Va, Vs, and Vs. In those 10 years or younger, V3; is omitted 
and V gz is used instead. 

SUMMARY 


1. Five hundred and fifteen routine electrocardiograms were recorded and 
analyzed, employing the standard and aV limb leads and precordial leads V; 
to Vz, Var, and V4px. Each electrocardiogram was interpreted independently 
using both the usual six-lead electrocardiogram (I, II, III], Ve, V4, and V;) and 
the fifteer: leads mentioned previously. 

2. Seventy-seven electrocardiograms (15 per cent) necessitated the presence 
of certain of the additional leads (aV1, aVr, Var, Vi, V3, Ve) for correct inter- 
pretation. 

3. The aV limb leads proved essential to accurate interpretation in 6.8 
per cent and certain of the additional precordial leads (V 4x, Vi, V3, Ve) in 8.2 
per cent of the cases. 

4. A good correlation between anatomic and “electrical” positions of the 
heart on its anteroposterior axis was found in 200 instances of normal electro- 
cardiograms and those exhibiting nonspecific abnormalities or left heart strain. 
A poor correlation was encountered particularly in instances of marked enlarge- 
ment of the heart. 

5. The clinical value of the electrocardiogram has been shown to be sig- 
nificantly enhanced by taking leads other than those heretofore routinely re- 
corded at this institution (I, II, I1I, Vo, V4, V5). 

6. It is recommended that, for routine clinical electrocardiography in 
adults, the standard and the aV limb leads and the precordial leads V;, Vo, Vs, 
Va, Vs, and V« be employed. Lead V4, should also be recorded routinely in 
children under 10 years of age, and V3; can be omitted below this age group. 

We are greatly indebted to the other members of the department for their invaluable help 
in the conduct of this study and especially to Drs. R. Langendorf and A. Pick for their critical 
advice. 
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ELECTROCARDIOGRAPHIC STUDY OF INTRAMUSCULAR 
QUINIDINE LACTATE 


S. M.D., AND Davip GREENBERG, M.D. 


NEw York, N. Y. 


INCE an injectable preparation of quinidine would be of limited clinical 

value in certain patients unable to take oral medication, a study was under- 
taken of the effects of a single dose of intramuscular quinidine lactate.* The 
molecular weight of quinidine lactate is 414.25, and this salt contains 78.2 per 
cent quinidine. The problem of drug absorption such as might arise in oral use 
of quinidine was solved by this injectable preparation. Furthermore, since the 
intravenous route of administration of so potent a drug as quinidine has been 
noted in the literature!* to be accompanied by severe reactions and death, the 
quinidine lactate was only injected intramuscularly. 


METHOD 


Ten patients with uremia received 6.5 mg. of quinidine lactate (0.1 c.c.) 
per kilogram of body weight by a single intramuscular injection after a control 
electrocardiogram was taken. . These patients all had abnoi mal control electro- 
cardiograms, including low-voltage T waves, left ventricular strain, and left 
bundle branch block. Subsequently, electrocardiograms were taken one-fourth 
hour, one hour, two hours, four hours, and eight to twelve hours after injection. 
Blood pressures were recorded five, ten, fifteen, thirty, and sixty minutes after 
injection. 

Similar procedures were done on five patients in the medical wards with 
varying diagnoses but with normal kidney function. Table I summarizes the 
essential data on the fifteen patients studied. 


Particular attention was paid to uniform standardization of the electro- 
cardiograms. Where T waves were flat in the standard leads, a precordial lead 
was selected which showed an upright T wave. The Q-T intervals were obtained 
by averaging at least six readings. When changes in rate occurred, the Q-T 
intervals were corrected by use of a nomogram.‘ 


From the Department of Medicine, Jewish Memorial Hospital, New York. 

Aided in part by a grant from the David Schwartz Research Fund. 

Received for publication April 13, 1950. 

*Sterile ampules of quinidine lactate containing 10 grains (0.65 Gm.) per 10 c.c. were generously 
supplied by Dr. K. Kohlistaedt of Eli Lilly and Company, Indianapolis, Ind. 
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Paste I. SUMMARY OF DIAGNOSES AND ESSENTIAL DATA IN FIFTEEN PATIENTS 


AGE AND 
NAMI SEX ELECTROCARDIOGRAM DIAGNOSIS 

iL. J. 70 =F Left bundle branch block | Arteriosclerotic and hypertensive heart disease ; 
nephrosclerosis; uremia 

E. H. 41 =F Low voltage T waves Hypertensive heart disease; pyelonephritis; 
uremia 

Rn. F: 18 M Low voltage T waves Arteriosclerotic and hypertensive heart disease; 
diabetes; intercapillary glomerulosclerosis; 
uremia 

A, é. 50 =F Left ventricular strain Hypertensive and arteriosclerotic heart disease; 
nephrosclerosis; uremia 

1. D. 17 M Low voltage T waves Chronic glomerulonephritis; uremia 

F. S. 18146 F Low voltage T, Chronic glomerulonephritis; uremia 

B. 1 18 F Low voltage T waves Diffuse vascular disease; rheumatic heart di- 
sease; rheumatoid arthritis; uremia 

5 17 M Low voltage T; Diabetic coma; lower nephron nephrosis 

M. M. 72 M Low voltage T;, Te Hypertrophied prostate; uremia 

J. F. 12 M Low voltage T waves Cirrhosis of liver; nephritis with fixed specific 
gravity of urine 

M. S. 43 M Normal Cirrhosis of liver; diabetes 

J.D. 17 M Low voltage T waves Cirrhosis of liver 

E.R. 39 M Left ventricular strain Hypertensive heart disease 

es 65 M Intraventricular block Probable carcinoma of lung with pleural effu- 
sion 

fH. C. 51 M Normal Undiagnosed disease of brain 


REVIEW OF THE LITERATURE 


While Frey? made note of the depression of the T wave and the prolongation 
of the R-T interval following quinidine administration, his original article con- 
tained no illustrative electrocardiograms. Sagall, Horn, and Riseman’ studied 
the effects of oral quinidine and an intramuscular quinidine preparation in sixteen 
patients with regular sinus rhythm and no evidence of coronary artery disease. 
They found that in all of their tests a prolongation of the Q-T interval occurred, 
and that in 90 per cent of the tests there were striking qualitative changes in 
the T wave. These changes appeared later and disappeared earlier than the 
changes in the Q-T interval. Intramuscular quinidine resulted in a response 
within fifteen minutes, but the duration of effect was the same as when the 
drug was given orally. Following oral quinidine the Q-T interval reached a 
maximum in one and one-half to three hours and was then maintained at a 
slightly lower degree for three to five hours. 


Lewis and co-workers,* in 1922, found that oral quinidine reduced the rate 
of oscillation in auricular fibrillation and that the effect of a single dose was 
maintained for thirty hours. Wegria* repeated this work in six patients and found 
that, following a single oral dose of 0.4 Gm. of quinidine, the effect had disappeared 
after eight to ten hours in four of the patients. When the oral dose was increased 
to 0.8 Gm., he found that the marked slowing of the circus rate persisted after 
ten hours in four patients. 
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Kalmensohn and Sampson* administered 0.6 Gm. quinidine lactate intra- 
muscularly to four normal patients and found that the blood plasma levei had 
fallen in ten to twelve hours to 10 to 25 per cent of the maximum level present 
earlier. They noted hypotension in two patients who had received 0.6 Gm. 
quinidine lactate intramuscularly. 


ANALYSIS OF RESULTS 


The dosage of intramuscular quinidine lactate varied from 4.5 c.c. to 10.5 c.c. 
The earliest change was detected one-fourth hour after injection in nine cases 
and was manifested by depression of T waves alone in three cases, prolongation 
of Q-T interval alone in two cases, prolongation of QRS alone in one case, and 
simultaneous combined changes in three cases. 

In one patient (J. D.) no electrocardiographic changes could be elicited in 
Lead CF, following intramuscular injection of 5.4 c.c. of quinidine lactate. 
Two patients showed no changes in T waves, although prolongation of the Q-T 
interval could be demonstrated. A change in the T wave without any effect 
in Q-T interval occurred in only one patient (E. H.). It is, therefore, apparent 
that prolonged Q-T interval and qualitative changes in T wave represent the 
earliest responses found in the electrocardiogram. 

As an index of the duration of changes observed, the Q-T interval was measur- 
able in seven patients with uremia. A prolonged Q-T interval was still present 
in two, at eight hours; the Q-T interval was back to normal in three, at eight 
hours; the Q-T interval had returned to normal in two, at four hours. In only 
one case did the T-wave changes last longer than the Q-T prolongation. As a 
rule, the T-wave changes occurred simultaneously with Q-T prolongation but 
disappeared earlier. In the five patients with normal kidney function, the 
Q-T interval showed no change in one, was not measurable due to flat T wave in 
one, was still prolonged at the eleven-hour mark in two, and was back to normal 
level at ten hours in one (Fig. 1). 

It was impressive to observe that equivalent doses of quinidine lactate 
resulted in varying responses in these patients. 

B. T. showed unusual changes in the P waves characterized by an increase 
in height at the one-fourth-hour mark. This was most pronounced at the two- 
hour mark and was still present at eight hours. 


Effects on Blood Pressure and Side Reactions.—Of thirteen patients in whom 
the blood pressure was carefully followed, twelve showed no effect. In one 
patient with an initial reading of 100/70 mm. Hg, the blood pressure fell to 
90/54 mm. Hg at five minutes, 86/50 mm. Hg at ten minutes, and returned 
to the original level at the one-fourth-hour mark. No immediate harmful 
effects could be detected in this patient. Six of the patients had hypertension 
which was unchanged following intramuscular quinidine lactate. 

Three patients vomited, one ten minutes after injection, and the other two 
one hour afterwards. In one patient with severe diabetes mellitus and retino- 
pathy, disorientation associated with ketosis occurred four hours after the injec- 
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tion, lasted thirty-six hours, and then disappeared. Whether this episode was 
causally related to the intramuscular quinidine lactate could not be clearly 


determined. 
Aside from a slight transient burning sensation, the injections did not pro- 


duce any harmful local reactions. 
CONCLUSIONS 


1. Quinidine lactate is a relatively safe, painless, potent preparation for 
intramuscular use which will produce electrocardiographic changes in one-fourth 


hour. 
2. The earliest effects consist of a prolongation of the O-T interval and 


depression of T waves. 
3. The duration of electrocardiographic changes varies from patient to 
patient and is not related to the presence or absence of renal insufficiency. 


We wish to thank Dr. E. Gersh, resident in medicine at the Morrisania City Hospital, for 
obtaining records on three patients and Dr. D. Crowell who performed similar services on two 
patients at the Lebanon Hospital. 

ADDENDUM 


At the present time, Eli Lilly and Company has substituted quinidine gluconate for quinidine 
lactate. Both compounds have identical pharmacological properties. 
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Fig. 1.—The electrocardiograms of a 43-year-old man with diabetes mellitus, cirrhosis of the liver. 
and normal kidney function, who received 10.5 c.c. of quinidine lactate intramuscularly. His control 
electrocardiogram was normal. He had not received digitalis. Lead II was studied. There was slight 
diminution in the T wave at the quarter-hour mark. The P-R interval and QRS complex remained 
unchanged. The Q-T interval was 0.40 second in the control period and 0.40 second after one quarter- 
hour, but was 0.44 second after one, two, and four hours, returning to 0.40 second by ten hours 
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ANTIDOTES TO VENTRICULAR FIBRILLATION INDUCED 
BY MERCURIAL DIURETICS 


B. N. Craver, M.D., Ph.D., F. F. YonkmMan, M.D., Ph.D., AND 
B. R. Rennick, M.D. 


SumMIrT, N. J. 


TANLEY'! has recently summarized the reported cardiac deaths attributable 
\J to mercurial diuretics. Presumably these resulted from the now well- 
established cardiac toxicity of this class of therapeutic agent. It has been re- 
ported for all of the commonly used drugs of this class and is a limitation there- 
fore of the entire group and not merely of one or two representatives, as has been 
emphasized by DeGraff.2. Fortunately, the number of patients involved is 
small, as may be gathered from a recent observation of Smith® that, if the mer- 
curials employed for diuresis were as proportionately toxic as the arsenicals 
employed in the therapy of syphilis, over 100 deaths a year could be expected 
from these agents. Nonetheless, a means of diminishing or eliminating this 
toxic manifestation would further enhance the usefulness of this valuable grou p 
of drugs. A suitable method was therefore devised for assaying the antidotal 
value of the following against ventricular fibrillation: vagotomy, atropine sulfate, 
HCI (C-7337), 
British anti-lewisite (BAL), and magnesium sulfate. 


METHODS 


We chose as a typical representative of this class of compounds the sodium 
salt of propylamide—theophyl- 
line. We sought to establish a dose of the mercurial given by a constant route on 
a per kilogram basis that would suffice to produce fatal ventricular fibrillation 
in 100 per cent of the dogs receiving it.* All animals were anesthetized with 32 
mg. per kilogram sodium pentobarbital administered intraperitoneally. We 
found in preliminary experiments that doses of from 10 to 12 mg. per kilogram 
of the mercurial injected into the jugular vein produced ventricular fibrillation 
in but one of six animals (17 per cent); 15 mg. per kilogram caused it in ten of 
twelve animals (83 per cent); and 20 mg. per kilogram induced it in nine of ten 
dogs (90 per cent). The dose of 15 mg. per kilogram was employed in our work 
because it was fatal in 83 per cent of the animals after the first dose and fatal 
in the remaining animals after the second dose. Since slightly smaller doses 
were seldom fatal, we believed this choice of dose would readily permit the dis- 

From the Research Department, Division of Macrobiology, Ciba Pharmaceutical Products, Inc., 
Summit. 

A preliminary report of this paper was presented at the annual meeting of the American Industrial 
Hygiene Association in Chicago, 1946. 

Received for publication May 3, 1950. 

*The preparation available contained 70 mg. per milliliter of the mercury complex. This repre- 


sented 21.5 mg. per milliliter of mercury. 
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cernment of even a slightly antidotal effect from the therapeutic measures em- 
ployed. Variations in the rate of administration of the dose of from ten seconds 
to two minutes did not seem to alter the result, but injection into the femoral 
vein instead of the jugular required more than twice the dose to kill from ven- 
tricular fibrillation. This would have been predicted by the intensive investiga- 
tions of DeGraff and Lehman,‘ since for practical reasons we did not prolong our 
injection time sufficiently to allow evidences of an increased toxicity to appear. 
The final route chosen was the jugular vein, and a twenty-second period was 
used for the injection. In attempting to assay the value of each protective 
measure, the agent being studied was employed prior to the administration of 
the first dose of the sodium salt of pyridenedicarboxyl—beta—mercuri—omega 

hydroxypropylamide-theophylline or was injected simultaneously. If the first 
dose did not prove fatal, the same dose was repeated at thirty-minute intervals 
until death resulted. 

RESULTS 


In several experiments vagotomy or the administration of 0.2 mg. per 


kilogram of atropine sulfate apparently offered slight protection, since after 
these modes of treatment from two to five fatal doses of the mercurial had to 
be administered before ventricular fibrillation appeared. The relatively slight 
protection encountered is basically in agreement with the report in 1922 by 
Salant and Kleitman® that no protection from either atropine or vagotomy was 
observed. Efforts to demonstrate any protective action by the adrenolytic, 
C-7337, (1.0 mg. per kilogram) proved unavailing, since only one of the five 
animals given that treatment survived, and that 20 per cent survival is essen- 
tially the same as the survival rate in the control animals. Preliminary ex- 
periments with BAL indicated that complete protection against the cardiac 
toxicity was afforded by that drug. Further work with this compound was 
promptly abandoned when we learned that Farah® had already initiated an 
intensive investigation not only of this thiol derivative but of others as well. 
This work has since been published in detail and has been independently con- 
firmed in respect to BAL’s inhibition of the diuretic action of mercurials by 
Earle and Berliner’ and Sussman and Schack.’ Farah and Maresh® studied the 
effects of several other thiol derivatives and found that cysteine and glutathione 
prevented the cardiac toxicity of the mercurial diuretic (mersalyl) but did not 
alter its diuretic properties. Even though it is apparent that from their studies 
may emerge the ultimate solution to the cardiac toxicity of mercurial diuretics, 
the above data have been reported for three reasons: 

1. The method herein reported would appear to offer a convenient means 
of assaying the comparative cardiac toxicity of mercurials. 

2. It helps emphasize that the protection afforded by thiol derivatives 
far surpasses that that can be anticipated from any hitherto reported protective 
agents. 

3. The closer the injection is made to the heart, the more likely is a given 
dose to induce ventricular fibrillation, and this would commend the injection of 
mercurials into human beings at as peripheral a point as possible. 
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Table | summarizes the results obtained in our experiments using magnesium 
sulfate as the antidote. We were particularly interested in the value of this salt 
as an antidote because of the report of Pines and his associates!’ that the salt 


conferred protection against the cardiac toxicity of the same mercurial we have 


employed in this study. We have been able to confirm this protective action, 


although in our experiments higher doses of the salt were required, but this is 


doubtless explicable on the basis of the different experimental methods employed. 
Pines and his associates implied in their report that the degree of protection 
afforded was not great, since they noted that the disturbances of cardiac conduc- 
tion induced by the injected mercurial, as demonstrated electrocardiographically, 
were not altered by the magnesium sulfate. Nonetheless, the recommendation 
of Pines and his associates that magnesium sulfate be added to mercurial diuretics, 
a recommendation more recently supported by Oettle' and by Ray and Burch,” 
among others, had much to commend it until the reports of the vastly greater 
protection afforded by thiol derivaties appeared. Since these derivatives seem- 
ingly constitute an almost ideal solution of the problem, their use will doubtless 
supplant that of any other recommended antidotes. 


TABLE I. SUMMARY OF RESULTS* 


DOSE PER 
NO. DOG IN ML. DOSE OF MgSQ, 1N NO. % OF DOSES FATAL 
ANIMALS oF 20% mg./kg.t SURVIVORS SURVIVORS | IN SURVIVORS 
MgSO, OF FIRST DOSE 
12 None 2 17 2nd in both 
2 0.5 a5; 2.9 0 0 
5 3.2; 27.2; B.S; 0 0 
28.4 
5 2.3 96.2; 22.3; Ob. 53.2: 0 0 
61.0 
5 : 141(7); 100(3); 106; 3 60 2nd, 3rd, and 
+ like dose 100(2); 116 7th 
I.P. 15 min. 
before 
5 10 I.P. 15 308(3); 206; 408(2); 3 60 2nd, 2nd, and 
min. before 213(2); 168 3rd 


*In all cases 15 mg. per kilogram of mercurical were injected intrajugularly in twenty seconds. 

+These varied with the weight of the animal, but we desired to employ the same dose recommended 
by Pines and associates (0.5 c.c. of 20 per cent per dog) or a multiple thereof. A figure in parentheses 
after the dose of magnesium sulfate in mg. per kilogram designates the dose at which the animal suc- 
cumbed in those instances in which the first dose was not fatal. 


In approximately half our experiments electrocardiograms were taken 
immediately after the injection of the mercurial diuretic. Fig. 1 is typical of 
the electrocardiogram changes that were usually observed prior to the terminal 
ventricular fibrillation. In dogs that did not succumb to a given injection of 
the mercurial, marked alterations in the electrocardiogram were nonetheless 
usually observed, but did not progress to ventricular fibrillation. 

In many of the experiments an effort was made to cause a reversion of the 
ventricular fibrillation to a normal rhythm. In view of the work of Chapman 
and Shaffer" demonstrating that ascorbic acid lessened the acute cardiac toxicity 
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of Mercuhydrin, although not of Mercupurin or mersalyl, we attempted in several 
experiments to lessen the cardiac toxicity of the mercurial herein studied by 
both prior and simultaneous injections of vitamin C in various doses up to 100 
mg. per animal, but no antidotal value was observed, nor did it prove of value in 
correcting established ventricular fibrillation. The statement by Frohlicher™ 
that electrically induced fibrillation could be corrected by large doses of acetyl- 
choline led us to attempt that method also, but intracardiac injections of various 
doses up to 10 mg. were without avail. This discrepancy might easily be attrib- 
uted to the different mechanisms producing the fibrillation. Only two procedures 
proved effective: (a) manual massage, which only occasionally succeeded in 
restoring the normal rhythm; and (b) brief electrical stimulation of the myo- 
cardium with 110 volts through broad electrodes placed on either side of the heart. 
This last procedure almost invariably restored a normal rhythm.* 


Fig. 1.—These electrocardiogram records are of Lead I. The top one is the control taken just prior 
to the injection of the mercury. The second was taken twenty seconds after the injection. The QRS 
complex and the ST segments are depressed. The third was taken fifteen seconds after the second, 
and the fourth ten seconds after the third. The ventricular tachycardia is now evident. The fifth shows 
the onset of ventricular fibrillation. 


SUMMARY 

1. 15 mg. per kilogram of the sodium salt of pyridenedicarboxyl—beta 
mercuri-omega—hydroxypropylamide-—theophylline injected into the jugular vein 
in dogs was shown in over 80 per cent of the cases to cause fatal ventricular 
fibrillation after the first dose, and in 100 per cent after the second dose. 

2. Magnesium sulfate offered some protection against the cardiac toxicity 
of the mercurial diuretic studied, but by the method employed herein somewhat 
larger doses were required than Pines and his associates had found necessary. 
The degree of protection afforded was not great and in no way comparable to 
that afforded by thiol derivatives. 


*The authors thank Professor Alfred Gilman for this valuable suggestion. 
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3. Atropine sulfate or vagotomy appeared to offer very weak protection, 


if any. 
4. BAL seemingly offered complete protection against the cardiac toxicity 
of the mercurial studied. 


5. Ascorbic acid and acetylcholine in the doses employed did not restore 


ventricular fibrillation to a normal rhythm, but manual manipulation occasionally 
and electrical stimulation usually, did restore a normal rhythm. 


’ 


The authors thank Dr. Harry Hays for his valuable suggestions in the early part of this work 
Mr. and Mrs. James Smith for their technical assistance, and Professor Gordon Myers, M.D., 
for his kindness in interpreting the electrocardiogram. 
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CONGENITAL AORTIC ATRESIA 
REPORT OF ONE CASE WITH AN ANALYSIS OF 26 SIMILAR REPORTED CASES 


I. W. Monte, M.B., Cu.B., WINNIPEG, MANITOBA, AND A. D. J. DEPAPE, M.D., 
St. BONIFACE, MANITOBA 


ONGENITAL atresia of the commencement of the aorta is an uncommon 

anomaly; Abbott! observed it in only 12 of 1,000 malformed hearts, and the 
data of Lippincott? indicate that its overall incidence is probably less than 0.05 
per cent. Martens,* reviewing the literature of this malformation up to 1890, 
found reports of only twenty-seven cases; since that time, however, probably 
at least another thirty cases have been recorded. With few exceptions, children 
with this anomaly die before, or shortly after, birth. 

Martens*® observed that congenital aortic atresia is more common in men 
(approximately 2:1), a finding confirmed by both Vierordt* and Abbott.! 

Below is an account of congenital aortic atresia found in the course of autopsy 
on a white female infant who died on the second day after birth; the findings are 
compared with those of twenty-six similar cases recorded in the literature. 


CASE REPORT 

A. B., a full-term white female infant, was born on March 20, 1949, in St. Boniface Hospital; 
the duration of labor was thirteen hours; the presentation was breech and the delivery difficult. 
Resuscitative measures were necessary for twenty minutes to establish normal breathing; after 
this the child’s condition seemed fairly good. No abnormalities were detected with the exception 
of a bruise over the right clavicle. 

The child remained well until March 22, 1949, when, about thirty hours after birth, she be- 
came irritable and developed dyspnea and cyanosis. The respiration rate rose to 40 per minute 
and with each expiration the child gave a short cry. The following observations were made; 

General Examination: The skin was cyanosed and mottled and showed prolonged pallor after 
digital pressure. The anterior fontanelle was neither bulging nor tense. 

Physical Examination: Fine crepitations were present throughout the left lung field especially 
toward the end of expiration; the right lung field was normal. The heart rate was 140 per minute 
and regular; there was no enlargement of the heart and there were no murmurs. The lower border 
of the liver was palpable about 3 cm. below the right costal margin; the spleen was palpable about 
1.5 cm. below the left costal margin. There was flaccid paralysis of the right upper limb. The 
pressure of cerebrospinal fluid was moderately increased and 7 ml. of blood-tinged fluid was 
removed. No abnormalities were detected from the x-rays. 

Clinical Diagnosis: Intracranial hemorrhage, probably subtentorial. 

Treatment: Shortly after the onset of cyanosis and dyspnea, 40 ml. of 25 per cent sucrose 
solution were given intravenously, followed later by €0 ml. of whole blood. 

The child’s condition deteriorated rapidly, opisthotonus developed, and she died on March 
22, 1949, forty-four hours after birth. 


From the Department of Anatomy, University of Manitoba, Winnipeg, and St. Boniface Hospital, 
St. Boniface. 
Received for publication May 1, 1950. 
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Autopsy Report. 

Central Nervous System: he right pupil was more dilated than the left. ‘There was moderate 
subdural and subarachnoid hemorrhage over the left cerebral hemisphere and extensive sub- 
tentorial hemorrhage. A small tear was present in the anterior border of the left segment of the 
tentorium cerebelli. The lateral ventricles contained some blood-tinged fluid. The brain weighed 
335 grams. 

Osseous System: There was a fracture of the right clavicle. 

Cardiovascular System: Although the heart occupied a normal position in the chest cavity, 
the great vessels arising therefrom were abnormal; detailed examination of these structures and 
the heart revealed the following: 

The heart weighed 22 grams after preservation in formalin. 


Ventricle 


Fig. 1.—Showing the right atrium and the common ventricle. One of the two cusps of the tricuspid 
valve is seen. The interatrial septum extends forward from the posterior atrial wall. The valve of the 
inferior vena cava is absent. 

S.V.C., Superior vena cava. J.V.C., Inferior vena cava. C.S., Coronary sinus. R.A., Right 
atrium. L.A., Left atrium. 


The superior and inferior venae cavae and the coronary sinus opened into the right atrium 
in the usual manner; the valve of the inferior vena cava was deficient. The foramen ovale was 
patent and its valve flap was such that communication between the atria was free. The atrial 
cavity was dilated and its wall was 1.5 mm. thick (Fig. 1). 

The pulmonary veins (one right and one left) opened into the left atrium posteriorly. There 
was atresia of the mitral orifice. The atrial cavity was small and its wall was 1 mm. thick. 

The interventricular septum was absent, and the single ventricle consisted mainly of the 
original right ventricle and the infundibulum. ‘The tricuspid valve was guarded by two cusps 
which were attached to the papillary muscles by chordae tendineae. The walls of the ventricle 
averaged 8.5 mm. in thickness (Figs. 1 and 2). 

The pulmonary trunk communicated with the ventricle via the wide infundibulum and was 
markedly dilated. Its orifice was guarded by three large semilunar cusps. The right and left 
pulmonary arteries left the trunk about 5 mm, above the valve ring (Fig. 2). 

The ductus arteriosus connected the pulmonary trunk with the descending aorta and was 
markedly dilated (6.5 mm. in diameter). 

The commencement of the aorta was represented by a small blind-ending depression, 1.5 mm. 
in depth, between the two dorsolateral cusps of the pulmonary valve (Fig. 2). From the apex 
of this pit to the origins of the coronary arteries the aorta was absent. The ascending aorta above 
this level was hypoplastic and, at its junction with the slightly wider aortic arch, gave off the 
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innominate and left common carotid arteries. The left subclavian artery arose at the junction 
of the aortic arch and the ductus arteriosus. The diameter of the ascending aorta was approxi- 
mately 2 mm. The aortic valves were absent. The two coronary arteries had a normal origin and 
course (Fig. 2. inset). 

Microscopic Examination: The portion of myocardium containing the diminutive origin of 
the aorta was removed and studied histologically. In it the connective tissue was not unduly 
dense although one distinct bundle of fibers was so placed that it may have caused constriction 
of the lumen of the vessel. There was no evidence of an inflammatory reaction. 

interpretation: Cor triloculare biatriatum associated with complete absence of the subvalvular 
and valvular portions of the aorta and hypoplasia of the ascending aorta. 


Cause of Death: Intracranial hemorrhage accompanied by grave cardiovascular derangement. 


R.S.A. RCC. LCC. 


Fig. 2.—Showing the pulmonary trunk and the common ventricle. The inset illustrates the way 
in which the coronary arteries arise from the aorta. 

Ao. Or., Origin of the aorta. D.A., Ductus arteriosus. Asc. Ao., Ascending aorta. R.P.A., Right 
pulmonary artery. L.P.A., Left pulmonary artery. R.S.A., Right subclavian artery. L.S.A., Left 
subclavian artery. R.C.C., Right common carotid artery. L.C.C., Left common carotid artery. R.C.A., 
Right coronary artery. L.C.A., Left coronary artery. X, Solid band of muscle cut to permit greater 
exposure of the common ventricle. 

DISCUSSION 

Duration of Life.— 

Abbott! states that in twelve cases of congenital aortic atresia the average 
duration of life was four days. In Table I we present a summary of twenty-seven 
such cases, including our own; but the ages of Cases 1 and 2 are unknown. Case 
20,° who lived for 15 days, and Case 26,° who survived 110 days, seem inconsistent 
with the rest. Excluding these four cases, the life of the remaining twenty-three 
averaged 3.5 days, the standard deviation being 1.8 days. One or two additional 
observations consistent with these would not be expected to exceed the mean plus 
three times the standard deviation; in other words, one would not expect a few 
additional patients to live longer than 3.5 + (3 X 1.8)—7=9days. Clearly the 


i LSA. Asc.Re 
ALCA. 
4 -D.A. 
RPA_// 
Asc. Ro, 
Ventricle 
AS Z 
(4 \ ‘ 
Ao. Or. 
he “= aN 
x 
‘ 
1S - 
al 
ie 
le 
is 
t 
is 
xX 


‘| 


M 4x0} UT UT IONT 
*pasouels !ueseid ‘soad ‘queyed ‘yuesqe 
“yed yews a8] ‘sqe uado qe “ay Of | | pue 
uado 
¢ “aye ‘sqe uado ‘saad sep ¢ ¢ (Gh6]) Sissney, 
uodo 
i i i I ‘said | | sAep cy IN (QE61) 
7. 
=, i i jjeus i i i uado i i a (EEK1) (LZ BB) SUBALT “LT 
“yed “aye yews uado i i q (E61) (9% ABD) SUBAM “OT 
= é é é é eiqaed uado i é IW (E261) (FZ SUBAY “FT 
é é é é é é é uado i é W (EE61) (EZ BBD) SUBAY “ET 
= i “yed “aye uado i Z “29 | WN RZ61) 
i *yed * uado | ‘sqe sep ¢ skep ¢ IX (Q{61) Ssnery) 
i i “sqe uado af i i i ‘ (S881) yoodsuazarz 
AUVNOW GidSQO | GAIVA “NGA WOIMLV | | AV WIVAO OLLAOV Svan aadvaddv adv YOHLAV 
“ld “Tal Lag LHD “NGA 40 ALIS SISONVAO 


¢ 
| 
4 
4 
4 


MONIE AND DEPAPE: CONGENITAL AORTIC ATRESIA 599 


patient surviving for fifteen days, and still more the one who lived for 110 days, 
are inconsistent with the remaining twenty-three cases, and so are justifiably 
excluded when computing the average; probably some factor tending to prolong 
life was present in these two cases only. Even the twenty-three cases averaged 
vary so much that by the t-test their mean of 3.5 days falls just short of the 
5 per cent level of significance. Not knowing which cases may be common to 
Abbott's! series and to those in Table I, we can only repeat that the average 
life-span in the two series was 4 days and 3.5 days, respectively. 

Clinical Features.— 

Dyspnea and cyanosis: It is frequently stated that dyspnea and cyanosis 
are present in such cases from birth. However, in the present case neither of 
these features appeared until thirty hours after birth. Delay in the onset of 
cyanosis was also found in eight of sixteen cases in Table I, and in one of these 
it was not present until the fifteenth day. 

Details of the onset of dyspnea are seldom given, but in three of the eight 
cases mentioned above it did not appear until the second, third, and fifth days, 
respectively. 

The onset of dyspnea and cyanosis seems unrelated to the degree of septal 
deficiency. Indeed, in one case (Lippincott®), where the foramen ovale was patent 
and the mitral valve closed, neither was present at any time during the seventy- 
six hours of the child’s life. Probably the onset of dyspnea and cyanosis is deter- 
mined more by physiologic than by anatomic factors. 

Murmurs: Although no murmurs were detected in the case under discussion, 
murmurs were found in six of nine cases in Table I. Usually they were apical in 
position and systolic in time. 

Intracranial hemorrhage: The patients of Wesson and associates’ and of 
Lippincott? had intracranial hemorrhages similar to those found in the present 
case, and Bednar* reported like features in a case of aortic stenosis. The cir- 
culatory embarrassment present in such cases probably predisposes to hemor- 
rhage. 

Cardiovascular Anomalies. 

Right and left atria: A large right and a small left atrium (Fig. 1) are a 
feature of almost all recorded cases; the only exception in the literature is the 
case of Abbott and Dawson? in which there was also transposition of the great 
vessels. Occasionally the interatrial septum is deficient, and the atria combine 
to form a single chamber (Konstantinowitsch,'® Hastings**). 

In the present case partial developmental arrest of the left atrium is sug- 
gested by the finding of two, instead of the usual four, pulmonary vein openings 
in its posterior wall; four of ten cases in Table I also show a reduction in the 
usual number of these openings. 

Foramen ovale: A wide foramen ovale, usually guarded by a poorly fitting 
valve flap (Fig. 1), is a frequent finding, and only one case is recorded (Bellet 
and co-workers!) in which this structure is definitely closed. In the present 
case, the valve flap is apparently the original septum primum; it balloons to the 
right and is so placed that blood passes easily from the left to the right atrium, 
a necessity where there is co-existing atresia of the mitral valve. 
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Common ventricle: Consequent upon closure of the commencement of the 
aorta, the left ventricle appears to develop at a rate slower than usual and is 
always smaller than its counterpart on the right side. Should the interventricular 
septum fail to develop, a common ventricle, formed mainly from the right ven- 
tricle and its infundibulum, results (Figs. 1 and 2). This feature was also noted 
in seven of the twenty-four cases in Table I. 

Mitral valve: Congenital mitral atresia (Fig. 3) is not infrequently associated 
with aortic atresia and occurs in seven of eighteen cases in Table I. In all the 
foramen ovale is patent. The presence of mitral atresia would seem to depend 
on the degree of septal deficiency. 


Fig. 3.—The course of the circulation is shown by the arrows. The broken lines indicate the site of the 
missing portion of the aorta. The drawing is not to scale. 


Tricuspid valve: In the case described the tricuspid valve is wide and 
guarded by two large valve cusps (Figs. 1 and 2). Details of this region are given 
in only sixteen of the cases listed in Table I; in fourteen of these the valve is 
patent. The only case on record in which there was tricuspid atresia is that of 
Abbott and Dawson.° 

Aorta: Study of the present case and the cases in Table I shows that atresia 
or stenosis of the commencement of the aorta usually occurs in one of three 
regions; inferior to the valve (subvalvular), at the level of the valve (valvular), 
or immediately superior to the valve (supravalvular). Not infrequently two or 
all three of these regions may be affected simultaneously, as in the present case, 
where the subvalvular and valvular portions are both involved. This latter 
combination is the commonest form. 

In all recorded cases there is hypoplasia of the ascending aorta (Fig. 2) and 
occasionally this narrowed vessel has been mistaken for an abnormal single 


‘Ss 
Asc.Ao. 
D.A. 
RPA CES 7 
},\ 
| L.A. 
( R.A, % 
7 
we 
MC. \ 


the 
is 
lar 
ed 


ed 
he 
nd 


MONIE AND DEPAPE: CONGENITAL AORTIC ATRESIA 601 


coronary artery. Rarely, as in the present case, and in those of Ziegenspeck” and 
Pulstinger,"* there is absorption of its atretic lower portion (Fig. 3). 

Coronary arteries: A normal origin and course of these vessels is the usual 
finding (Fig. 2) and was observed in fifteen of twenty cases in Table I. In the 
other five cases the following abnormalities were found: (1) left coronary artery 
arising from the pulmonary trunk;!® (2) termination of the anterior interven- 
tricular branch of the left coronary artery in the left ventricle so that it acted as 
an outlet from that chamber;" (3) absence of the right coronary; (4) three 
coronary arteries instead of the usual two;'® (5) a single coronary trunk springing 
from the left ventricle." 

Pulmonary trunk and ductus arteriosus: Marked dilatation of these two 
structures is a constant finding (Fig. 2). The right and left pulmonary arteries 
apparently always arise in a normal manner. 

Course of the circulation: The probable course of the circulation in the case 
under discussion is indicated in Fig. 3. 


Causation of Congenital Aortic Atresia. 

Cardiovascular anomalies are generally considered to result from either 
developmental arrest or fetal inflammation. In the present case there seems no 
evidence in favor of the latter, and it is concluded that the malformations are 
developmental in origin. Md6nckeberg'* and others have suggested that the 
primary fault lies in the unequal division of the truncus arteriosus by its septum, 
so that the pulmonary trunk is enlarged at the expense of the aorta. However, 
the possibility of normal formation of these two structures and later develop- 
mental arrest of one of them cannot be entirely discounted. Shaner,'® from a 
recent investigation of cardiovascular anomalies in pig embryos, has drawn con- 
clusions which shed some light on this problem. Studying three embryos which 
showed varying degrees of aortic stenosis, he concluded that this anomaly (and 
presumably aortic atresia as well) is primarily the result of overgrowth of the 
ventral atrioventricular cushion which causes compression of the commencement 
of the aorta. The ascending aorta, deprived of the stimulus normally provided 
by the passage of blood through its lumen, becomes hypoplastic. 

In recent years the effects of virus disease on embryonic tissue, especially 
during the first trimester, has received much interest. The maternal history, in 
this case, however, contained no evidence of virus or any other disease during the 
course of pregnancy. Since viruses may act on tissues without producing in them 
recognizable changes (Boyd?") the classification of the causes of anomalies into 
developmental arrest and fetal inflammation now appears to have little practical 
value. 

The studies of Wilson and Warkany*! have shown that the offspring of rats 
deficient in vitamin A have a high percentage of cardiovascular, as well as other, 
anomalies, but these findings have not yet been observed in human subjects. 
The mother of this child was well nourished and gave no evidence of vitamin or 
other deficiency. 

Bi Several authors (Bellett and associates"! and others) have stated that con- 
genital aortic atresia may be associated with malformations of other parts of the 
body, but anomalies, other than those described above, were not encountered 
in this case. 
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SUMMARY 


Congenital atresia of the aorta in a 2-day-old white female infant is de- 


scribed and compared with twenty-six other cases recorded in the literature of 


the past sixty years. 


An unusual feature of the present case is the complete absence of the aorta 


from its commencement to the origins of the coronary arteries. 


The authors wish to thank Drs. S. Kobrinsky and S. Israels for clinical details of the case; 


Dr. J. Prendergast for extracts from the autopsy report; and Prof. I. Maclaren Thompson for 


helpful criticism and advice regarding the statistical aspects. 
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MYOCARDIAL INFARCTION DUE TO SYPHILITIC 
CORONARY OSTIAL STENOSIS 


WILLIAM B. SCHARFMAN, M.D., JAcgues B. WALLACcH, M.D., 
AND ALFRED ANGRIST, M.D. 


New York, N. Y. 


YPHILITIC heart disease remains an important clinical problem. Of the 
\7 three most commonly encountered lesions resulting from syphilitic aortitis 
(i.e., aneurysm, aortic insufficiency, and coronary ostial stenosis), ostial 
stenosis constitutes the most difficult diagnostic problem clinically and a most 
significant one prognostically. A most dramatic, but infrequently recognized 
entity, is the occurrence of myocardial infarction due to ostial narrowing. It 
is the purpose of this paper to analyze this latter group of cases. 

Myocardial infarction due to syphilitic ostial stenosis is unusual. In 8,184 
consecutive autopsies performed at Queens General Hospital from 1935 to 1950, 
there were 223 cases of syphilitic aortitis (2.7 per cent), of which thirty-seven 
(17 per cent) had stenosis of one or both coronary ostia as judged grossly. Of 
these thirty-seven cases, seven had gross and/or microscopic evidence of fresh 
myocardial infarction or insufficiency. Additional series of cases confirm the 
rarity of this entity.'® 

These data are summarized in Table |. 

In 1942, Burch and Winsor found six cases of myocardial infarction due to 
syphilitic coronary stenosis reported in the preceding ten years and added three 
of their own cases. They included three of Bruenn’s cases, one of Saphir’s, 
and two of Briskman’s cases. Of Bruenn’s three cases, only two were associated 
with ostial stenosis and the myocardium of these patients showed only micro- 
scopic changes. Saphir’ recorded a case of sudden death in a 29-year-old woman. 
At autopsy there was complete occlusion of the left coronary ostium and marked 
narrowing of the right ostium. There was recent myocardial infarction grossly 
and microscopically. In Briskman's cases, one heart contained an old infarct, 
and in the other the myocardium was described as showing ‘degenerative 
changes.’ Only one of Burch and Winsor’s three cases was presented in detail. 
During this ten-year period covered by Burch and Winsor, there were four 
cases of myocardial infarction, recorded by Love and Warner, of which three 
were demonstrated by microscopy only. The clinical histories were not given. 

Since Burch and Winsor’s review in 1942, we have been able to find few cases 
of fresh myocardial infarction due to syphilitic ostial stenosis. Corrigan’ re- 
ported five cases. His second case showed fresh mvocardial infarction grossly, 
but the first case showed only old infarction. His last three cases were associated 
with coronary arteriosclerosis or thrombosis. Briggs and Karstens reported the 

From the Department of Pathology, Queens General Hospital, New York 
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occurrence of three cases of myocardial infarction due to ostial stenosis in a series 
of 161 cases of syphilitic aortitis. No clinical or pathological case reports were 
included. Kobernick!® recorded a case of syphilitic ostial stenosis and posterior 
wall myocardial infarction in the presence of a gumma of the right coronary 
artery on which there was superimposed thrombosis with resultant occlusion. 
Weinberg and Beissinger" reported a case of myocardial infarction due to coronary 
ostial occlusion by a gumma of the aorta. 

In the following report a series of cases of myocardial infarction resulting 
from syphilitic coronary ostial stenosis is presented. These have been divided 
into two groups. In Group I, there are five cases of recent myocardial infarction 
due to syphilitic ostial stenosis with minimal or absent coronary arteriosclerosis. 
Group II includes two cases of recent myocardial infarction due to syphilitic 
ostial stenosis associated with moderate to severe coronary arteriosclerosis without 
occlusion distal to the stenosed ostia. We have excluded from this series a third 
group of cases consisting of ostial stenosis, with or without coronary arterio- 
sclerosis, in which the myocardial changes seen at autopsy were not of recent 
origin. 

CASE REPORTS 

Case 1.—-E. F., a 47-year-old white man, was admitted to Queens General Hospital because 
of dyspnea and precordial distress. ‘‘Heart murmurs’’ had been present for ten years. He com- 
plained of progressive exertional dyspnea for two to three months. For two months, he had had 
substernal oppression that initially lasted one-half hour. Shortly before admission the pain lasted 
for several hours. He had been treated with digitalis for six weeks. The patient had had gonor- 
rhea at the age of 17 years, but he denied syphilitic infection. Physical examination showed an 
acutely ill, dyspneic, cvanotic white man. The heart was enlarged with the point of maximum 
impulse in the sixth interspace at the anterior axillary line. The heart sounds were distant, and 
the second aortic sound was absent. There was a to-and-fro murmur at the base and an apical 
gallop rhythm. The blood pressure was 126/48 mm. Hg and the pulse 130. A few bibasal rales 
were heard. The liver edge was felt 3 cm. below the costal margin. The patient continued to 
have substernal oppression and vomiting and died several hours after admission. 

At autopsy there was a syphilitic aortitis with complete closure of the right coronary ostium 
and marked narrowing of the left coronary ostium, which had only a pinpoint orifice remaining. 
The distal coronary arteries were thin-walled and patent throughout. There was thickening of the 
aortic valve edges with separation of the commissures. The heart weighed 500 grams. There 
Was extensive infarction of the posterior portion of the left ventricle and septum. 

Microscopically, the myocardium showed fresh areas of necrosis and old scars. The micro- 
scopic examination confirmed the syphilitic aortitis (Fig. 1). 

Case 2.—B. W., a 41-year-old white man, was admitted to Queens General Hospital com- 
plaining of frequent episodes of typical anginal pain, which had been present for two years, asso- 
ciated with exertional dyspnea and relieved by nitroglycerin. Physical examination showed the 
heart enlarged down and to the left. A soft diastolic murmur over the aortic area was trans- 
mitted to the apex, and there was a harsh systolic murmur at the base. Blood pressure was 
180/0 mm. Hg. Bibasal rales were heard. The diagnostic Kline test was negative. The patient 
frequently required nitroglycerin for precordial pain. On the fifth hospital day, he suddenly 
went into acute pulmonary edema and died. The final clinical diagnosis was rheumatic heart 
disease with aortic insufficiency and anginal syndrome. 

At autopsy there was a typical syphilitic aortitis with narrowing of both coronary ostia. 
Distal to the ostia, the coronary arteries were soft and widely patent throughout. The aortic 
valve was distorted with widening of the commissures. The heart weighed 460 grams. There 
was left ventricular hypertrophy and dilatation of the chamber. The myocardium appeared 


grossly normal. 


M 
4 
4 


606 AMERICAN HEART JOURNAL 


Microscopically, the myocardium contained areas of fresh muscle necrosis with edema and 
infiltration of polymorphonuclear cells; some old fibrosis was present. Microscopic examination 
confirmed the syphilitic aortitis (Fig. 2). 


Case 3.—D. C., a 53-year-old Italian woman with a four-year history of exertional angina 
and dyspnea, was admitted to Queens General Hospital because of the sudden onset of dyspnea 
at rest. Physical examination revealed a moribund white woman with gasping respirations, 
cyanosis, and a cold, clammy skin. The pulse and blood pressure were imperceptible. The heart 
sounds were distant with a regular rhythm. No murmurs were heard. The patient died ten 


minutes after admission, 


Fig. 1.--Case 1. Myocardium showing central zone of old change with early scarring and fresher 
necrotic zone below. Some interstitial exudative reaction is present above (hematoxylin and eosin 
stain, X 160). 


At autopsy there was a syphilitic aortitis with marked diminution in the size of the coronary 
orifices, particularly that of the left coronary ostium. The coronary arteries distal to the ostia 
were soft and showed no diminution in the size of their lumina. There was marked distortion of 
the aortic valve cusps and wide separation of the commissures. The heart weighed 320 grams. 
The myocardium of the left ventricle showed definite hemorrhage (Figs. 5 and 6). 

Microscopically, the heart contained areas of definite and.marked necrosis of muscle with 
vascular dilatation. There was no exudate present. Old scars and persistent absorption areas 
were seen. The aorta showed a typical syphilitic aortitis. 


Case 4.—S. K., a 50-year-old white man, was admitted to Queens General Hospital with an 
incarcerated inguinal hernia of four hours duration. Exertional angina, relieved by nitroglycerin, 
had been present for two years and ankle edema for four days. No other cardiovascular symptoms 
were noted. The patient gave no history of syphilis or rheumatic heart disease. Physical exami- 
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nation showed an enlarged heart with the point of maximum impulse in the sixth interspace at the 
anterior axillary line. There was a systolic murmur and a long, blowing diastolic murmur at the 
base transmitted to the apex. The pulse was regular; the blood pressure was 180/70 mm. Hg. 
There were occasional bibasal rales, moderate neck vein distension, and 3 plus pretibial edema. 
The morning after admission, just prior to induction of anesthesia, the patient developed a blood 
pressure over 300 mm. Hg with unequal pupils. Six inches of gangrenous bowel were resected 
under nitrous oxide and ether anesthesia. Following surgery, the patient developed severe pul- 
monary edema and died eighteen hours later. 

At autopsy there was an intact primary ileal anastomosis, confluent bronchopneumonia of 
the right lower lobe, and massive pulmonary edema. The brain was normal. Syphilitic aortitis, 
with narrowing and distortion of both coronary ostia, was present. The distal coronary arteries 
were thin-walled and widely patent throughout. The heart weighed 900 grams. The valve edges 
were somewhat thickened with minimal commissural separation. The myocardium was pale tan- 
brown with yellowish foci of necrosis. 


Fig. 2 Fig. 3. 


Fig. 2..-Case 2. Myocardium showing fresh zones of necrosis with reactive inflammation (hematoxylin 
and eosin, 160). 
Fig. 3.—Case 6. Myocardium showing absorption zone of previous infarction with insufficiency 
changes in the form of engorged marginal vasculature. Necrotic muscle changes are present in the 
lower right (hematoxylin and eosin, 160). 


Microscopically, there were old and recent changes in the myocardium. Microscopic exami- 
nation confirmed the syphilitic aortitis. The brain revealed a syphilitic endarteritis. 


Case 5.—A. S., a 61-year-old white man, had been seen at the Queens General Hospital 
outpatient department because of occasional headache and backache. The blood pressure varied 
from 158/70 to 230/120 mm. Hg. No other physical abnormalities were noted. Several months 
later, the patient died suddenly at home. 

At autopsy the heart weighed 400 grams and showed moderate left ventricular hypertrophy. 
The valves were normal. There was a typical syphilitic aortitis with considerable narrowing of the 
right coronary ostium. The distal coronary arteries showed minimal arteriosclerosis but were 
pliable, and the lumina were widely patent throughout. The myocardium showed a recent in- 
farction of the posterior portion of the interventricular septum with changes in the papillary 
muscle. 


d 
n 
a 
a 
t 
1 


608 AMERICAN HEART JOURNAL 


Microscopically, there was recent muscle necrosis in the heart and considerable venous en- 
gorgement. Microscopic examination confirmed the syphilitic aortitis. 

Case 6.—R. L., a 63-year-old white man, was admitted to Queens General Hospital with a 
five-week history of dyspnea and edema of the legs. For two vears he had had mild exertional 
dyspnea and occasional attacks of precordial pain radiating to the left forearm. This pain became 
more severe two months before entry. At the age of 20 vears, a penile lesion had been treated 
with Salvarsan for three weeks. Physical examination revealed an enlarged heart, an aortic 
systolic murmur, and a long, blowing aortic diastolic murmur. The blood pressure was 120/70 
mm. Hg. There were fine rAles at the lung bases and 3 plus edema of the legs. A chest roentgeno- 
gram revealed slight enlargement of the heart with widening of the aortic knob and calcification 
of the ascending aorta. The diagnostic Kline test was 4 plus. Other routine laboratory studies 
were normal. The patient was treated with digitalis, mercurials, and potassium iodide. Two 
and one-half weeks after entry the angina became more frequent, and twelve hours before death 
the pain became constant and severe. Nitroglycerin was given without relief. Following the 
sudden onset of pallor, a cold sweat, and dyspnea, the patient died. The electrocardiogram 
showed left heart strain and first stage heart block. 


Fig. 4.—Case 7. Myocardium showing reactive polynuclear exudation in zone of necrotic muscle 
(hematoxylin and eosin, 160). 


At autopsy a typical syphilitic aortitis was present with complete occlusion of the right coro- 
nary ostium and marked narrowing of the left ostium. The distal coronary vessels showed marked 
arteriosclerotic changes without complete occlusion. The aortic valves showed thickening of the 
cusps and widening of the commissures. The heart weighed 600 grams, and there was hypertrophy 
of the left ventricle. The myocardium was soft and contained a diffuse fibrosis. In addition, 
poorly demarcated reddish-gray areas, depressed and softer than the surrounding tissue, were seen. 

Microscopically, the myocardium showed foci of necrosis with infiltration of lymphocytes, 
polymorphonuclear leucocytes and eosinophils: a patchy fibrosis was also present. Microscopic 
examination confirmed the presence of syphilitic aortitis (Fig. 3). 


Case 7.*—I. K., a 43-year-old white woman, entered Queens General Hospital with a history 
of a cough of two weeks duration. One week prior to entry, the patient was awakened from sleep by 
dyspnea and squeezing pain in the left infrascapular region radiating down the left arm. There 
was no substernal pain. The pain lasted two days, during which time the patient continued to 
work. The dyspnea persisted and one day prior to entry necessitated cessation of activity. There 
was no history of rheumatic fever or syphilis. On physical examination, the patient was dyspneic, 
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*This case will appear as a separate case report of a Herxheimer reaction. 
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pallid, and cyanotic. The temperature was 100°F. The blood pressure was 110/80 mm. Hg, and 
the pulse was 120 and regular. The heart sounds were of good quality. There was a 
rumbling apical presystolic murmur and a soft aortic diastolic blow. <A diastolic gallop 
was heard at the left sternal border. The clinical diagnosis was probable rheumatic 
heart disease or syphilitic heart disease. The laboratory data included a moderate leu- 
cocytosis and azotemia. The urine was negative. On admission, the electrocardiogram showed 
depression of ST, and ST, with absent R waves in CF, and CF;. One day later there was pro- 
longed interventricular conduction (0.11 second), and the R wave in CF; was upright. By the 
second hospital day, the only abnormality was prolongation of the QRS interval to 0.13 second. 
Despite therapy the patient went into circulatory collapse on the second hospital day and died, 


? 


Fig. 5. Fig. 6 
Fig. 5.—Case 3. Heart showing syphilitic aorta with ostial stenosis and patchy flecks of fibrosis 
throughout myocardium. 
Fig. 6.—Case 3. This shows the previous heart with an additional cut made to expose the myo- 
cardium at a lower level. A wide zone of scarring with insufficiency, congestion, and hemorrhage out- 
lining it and extending to the apex is seen. 


At autopsy, there was a typical syphilitic aortitis with marked narrowing of both coronary 
ostia; the left ostium was almost completely occluded. There was considerable arteriosclerotic 
narrowing of the distal coronary arteries without occlusion. The aortic valve cusps were thick- 
ened and shortened, and the commissures were separated by a distance of 3 mm. The heart 
weighed 400 grams. The muscle throughout the left ventricle and septum exhibited multiple 
foci of necrosis with some hemorrhagic perinecrotic discoloration. There was some fibrous streak- 
ing present in the upper portion of the septum, the papillary muscle, and the apex of the left 
ventricle. 

Microscopically, the myocardium showed small, multiple fresh infarcts associated with 
abundant inflammatory reaction. ‘There was a typical syphilitic aortitis seen microscopically 
Fig. 4). 
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The pertinent clinical and pathological findings in these cases are tabulated 
in Table II. An analysis of these data shows the following interesting points. 
All of the patients were white, and five of the seven were men. The ages varied 
from 41 to 63 years (average, 51 years). One patient died suddenly before a 
history was obtained (Case 5). Two of the patients entered the hospital because 
of other conditions (Case 2, mercury poisoning; Case 4, incarcerated hernia). 
Both of these patients had a history of angina. The remaining four patients all 
complained of exertional dyspnea and angina. Physical signs of aortic insuff- 
ciency were present in five patients. The sixth patient (Case 3) entered the hos- 
pital in shock. All of the patients had a regular rhythm. A serological examina- 
tion was obtained in only two cases and was positive in one. An electrocardio- 
gram was obtained in two patients, and one suggested myocardial changes. 
In three patients syphilitic heart disease was suspected (Cases 4, 6, and 7); 
one (Case 6) was thought to have myocardial infarction resulting from a Herx- 
heimer reaction. In the second case (Case 7), the diagnosis was ostial stenosis 
without myocardial infarction. In three cases rheumatic heart disease was 
considered (Cases 1, 2, and 4). One patient was thought to have coronary 
occlusion due to arteriosclerotic heart disease (Case 3). 


At autopsy, the heart weights varied from 320 grams to 900 grams with 
an average weight of approximately 500 grams. Aortic insufficiency was present 
in six of the cases. Aneurysms were not found in any of the cases. Both ostia 
were involved in six cases with complete closure of one ostium occurring twice. 


In order to determine whether there is a significant clinical difference be- 
tween this group and a series of thirty additional cases of syphilitic ostial stenosis 
without infarction, several clinical and pathological comparisons were made. 
These data are shown in Table III. From these data, it can be seen that the 
only possible significant difference between these groups is the higher incidence 
of preceding angina in the cases with infarction. 


TABLE III. ComparIson oF CASES OF CORONARY OSTIAL STENOSIS WITH 
AND WITHOUT MYOCARDIAL INFARCTION 


CORONARY OSTIAL STENOSIS MYOCARDIAL INFARCTION 


Number of cases 30 7 
Average age 55 (34-82) 51 (41-63) 
Race 10 Negro, 20 white all white 
Sex 26 male 5 male 
Dyspnea 23 
Angina 9 (30%) 6 (86%) 
Sudden death 10 of 28 7 
Aortic insufficiency 
Clinically 16 5 
Pathologically 24 6 
Heart size 600 (280-1000 ) 500 (320-900 ) 


Arteriosclerotic heart disease 16 2 
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COMMENTS AND DISCUSSION 


Krom the series presented in this paper, there are certain clinical features 
which suggest the diagnosis of syphilitic ostial stenosis with or without myo- 
cardial infarction. The most important of these is the history of anginal pain 
in patients with physical signs of aortic insufficiency. When these patients 
enter the hospital because of persistent and prolonged anginal pain, frequently 
associated with dyspnea, then the diagnosis of additional myocardial infarction 
should be considered. Other clues to this diagnosis may be a past history of 
syphilitic infection and a positive serology. 

We believe that syphilitic stenosis or obliteration is essentially analagous 
to coronary arteriosclerosis, with or without occlusion. It is now well known 
that infarction without coronary occlusion, and coronary occlusion without 
myocardial infarction, occur not infrequently. This has been well demonstrated 
with autopsy material by several observers.":" The occurrence of myocardial 
infarction without vascular occlusion is recognized by many to be a result of 
relative coronary insufficiency. The occurrence of sudden death, frequent in 
both coronary arteriosclerosis and syphilitic ostial stenosis with and without occlu- 
sion, has the identical physiological explanation. In sudden death the absence 
of myocardial changes is frequently observed, since the development of an ana- 
tomical change recognizable as myocardial necrosis requires a certain period of 
time.'' The major anatomic difference between syphilitic and arteriosclerotic 
narrowing or occlusion is the site of the process. In the former this occurs 
at the ostium and in the latter at varying more distal portions of the vessel. 
The absence of infarction in the presence of coronary occlusion may be attributed 
to the presence of an adequate collateral circulation. In arteriosclerotic occlu- 
sion the collateral circulation can come from the other coronary artery or from 
the proximal portion of the involved vessel. In syphilitic ostial stenosis this 
circulation is presumably derived from the vessel whose orifice is least com- 
promised. When both ostia are completely obliterated and no infarction changes 
have occurred, the collateral circulation has been attributed to the Thebesian 
veins.” Other reflex or vascular mechanisms, which we do not vet understand, 
mav well apply to the maintenance or failure of the blood supply. 

The rarity of myocardial infarction due to syphilitic ostial stenosis is apparent 
from the data in Table 1. This is in marked contrast to the frequency of ostial 
stenosis in syphilitic aortitis. Various explanations have been offered to account 
for this disparity. In contrast to coronary thrombosis, syphilitic ostial stenosis 
is a slowly progressive process permitting time for the development of a collateral 
circulation. 

Clinically, a further comparison may be drawn. In syphilitic ostial stenosis 
angina pectoris occurs commonly, as it does in coronary arteriosclerosis. In 
either case, when the pain becomes persistent and prolonged, it signifies a similar 
pathological process. 

SUMMARY AND CONCLUSIONS 
1. Seven cases of myocardial infarction due to syphilitic ostial stenosis are 


reported. Two of these also had coronary arteriosclerosis. 
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F 2. Areview of the literature of the past twenty years is presented. 

3. The infrequent occurrence of this entity is well demonstrated by a 
comparative study of several series of cases of syphilitic aortitis and ostial 
stenosis. 

4. The clinical features of this syndrome are discussed. 

5. The possible explanations for the rarity of myocardial infarction due 
to syphilitic ostial stenosis and the potential mechanisms are also discussed. 
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Clinical Reports 


ACUTE MYOCARDIAL INFARCTION AND THE WOLFF- 
PARKINSON-WHITE SYNDROME 


Haroip H. M.D., F.A.C.P., SANFORD M. Lewts, M.D. 


NEWARK, N. J. 


INCE the original description, in 1950, of the syndrome of a short P-R in- 
terval associated with prolonged QRS complex by Wolff, Parkinson, and 
White,! numerous authors have emphasized the benignity? of the abnormality 
and its probable congenital origin.'"' That the condition is not a rarity is sug- 
gested by an electrocardiographic survey of 6,900 individuals at a U. S. Naval 
Hospital in which eight cases of the syndrome were discovered.'® The possibility 
of additional cases which exhibited normal patterns at the time of the survey 
must, of course, be considered in an estimate of the prevalence of the abnormality. 
In the past several years a few reports have concerned themselves with the 
association of the Wolff-Parkinson-White syndrome and acute myocardial in- 
farction.‘*"." The sex and age of the patients and presumptive location of the 
infarcts in five reported cases are tabulated in Table I. Because of the occur- 
rence of acute myocardial infarction in a 70-year-old woman with anomalous 
atrioventricular excitation, who had never before experienced cardiac stigmata 
of any nature, and because no previous report of the simultaneous occurrence of 
this syndrome with acute anterior wall infarction could be found in the available 
literature, it was deemed pertinent to record the following case history. 


CASE REPORT 

H. T., a 70-year-old Hebrew woman, was admitted to Newark Beth Israel Hospital Oct. 18, 
1948, because of severe constricting substernal pain of several hours duration. For five days 
previous to admission she had experienced repeated episodes of epigastric and substernal pain, 
radiating to the back and shoulders and persisting from several minutes to one hour. On the day 
of admission the pain was particularly severe, associated with sweating and dyspnea and requiring 
subcutaneous injection of morphine sulfate (15 mg.) and oxygen inhalation. Hypertension was 
known to have existed for ten years. She had been, however, an active healthy person all her life, 
and there was no previous complaint of angina, dyspnea, orthopnea, edema, or palpitations. 
Except for a pelvic operation twenty-five years before, the past history was negative. There 
was no personal or family history of diabetes. 

On admission, several hours after having received treatment at home for her acute episode, 
she was no longer in distress and appeared reasonably comfortable though somewhat apprehen- 
sive. The temperature (rectal) was 100,2°F., and the respiratory rate 24 per minute with slight 
dyspnea. The skin was cool and dry. Pertinent findings included a heart slightly enlarged 
to the left on percussion, a moderately loud, rough, low-pitched, apical systolic murmur, fair 
heart sounds, a regular sinus rhythm at 86 per minute, and a blood pressure (brachial) of 130/90 
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TABLE I. 


AUTHORS YEAR 
Zoll and Sacks* 1945 
Goldbloom and Dumanis® 1946 
Rinzler and Travell® 1947 
Levine and Burse'™ 1948 
Kistin and Robb'® 1949 


*Confirmed at autopsy. 


SEX OF 
PATIENT 


Male 
Male 
Male 
Female 


Male 


AGE 


41 
33 
54 
62 
53 


ECG LOCALIZATION 
OF INFARCT 


Posterior wall 
Posterior wall 
Posterior wall 
Septum and posterior wall* 
Posterior wall 


mm. Hg. The lungs were clear. The liver was nontender, just palpable beneath the costal mar- 


gin. There was no peripheral edema. 


The hospital course was uneventful. Temperatures were recorded between 100.0 and 96.8°F 


during the first three weeks of hospitalization, falling thereafter to a level of 98.6 to 99.0°F. Daily 
blood pressure readings varied from 130 to 110 mm. Hg systolic and 84 to 60 mm. Hg diastolic. 
The pulse rate was consistently regular and equal to the ventricular rate, varying between 75 
and 90 per minute during the first two weeks, and between 60 and 70 per minute subsequently. 
The white blood cell count on admission was 6,250 with a slight shift to the left. The red blood 


cell count and hemoglobin were within the normal range. 


The sedimentation rate (Westergren) 


on the second hospital day was 19 mm. in one hour and 38 mm. in two hours. Urinalyses were 


essentially negative. Blood urea nitrogen was 17 mg. per 100 c.c. 


A fasting blood sugar of 188 


mg. per 100 c.c. was recorded the morning after admission, but later determinations were all 


within the normal range. 


The electrocardiogram taken on admission is reproduced in Fig. 1,4. The P-R interval is 
0.08 second and QRS is 0.11 second. This configuration along with the slurred ascending limb 
of R,; and descending limb of S; is typical of that described in one of the variety of anomalous 
atrioventricular excitation patterns (Group A of Rosenbaum and associates"). There is slight 


depression of S-T, and elevation of S-T;. Ty, is inverted. 


Leads CF)-; exhibit elevation of the 


S-T segments and upright T waves. The QRS over the right side of the heart assumes an ““M” 
shaped configuration. In CF;,,¢ the S-T segments are depressed and T’s are inverted. Seven 
days later a repeat tracing, Fig. 1,B again reveals the pattern of anomalous conduction. There 
are, however, progressive changes suggesting anterior myocardial infarction including deepening 


of with similar T-wave changes in CF 


Ts is slightly inverted. 


Occasional auricular extra- 


systoles are present. Again, after another six days, the electrocardiogram, Fig. 1,C reveals the 
same pattern. Occasional auricular extrasystoles are noted as before, and there is deep inversion 


of T; and Top, Te is diphasic. 


Except for rare episodes of mild, fleeting, substernal pain during the first weeks of hospitaliza- 
tion, there were no complaints. Treatment in the form of rest, sedation, anticoagulants, and sup- 
portive measures was continued until the thirty-fifth hospital day when the patient was dis- 


charged. 


Her second admission to the hospital on April 30, 1949, was occasioned by a two-week history 
of increasing dyspnea, orthopnea, nonproductive cough, weakness, and anorexia. There was no 
complaint of chest pain or palpitations. Until the onset of the present illness the interval between 
Examination revealed moderate 


this and the previous hospitalization had been uneventful. 


dyspnea and orthopnea. The chest was dull to flat over the lower lung fields bilaterally and 
Moist rales were present in both bases posteriorly. 


tactile fremitus was diminished at both bases. 


The respiratory rate was 20 per minute. The point of maximal impulse of the heart was just 
The sounds were good, no thrills 


outside the midclavicular line in the fifth intercostal space. 


or murmurs were discernible, the rhythm was regular at 96 per minute, and the blood pressure was 
134/78 mm. Hg. The liver edge was one finger breadth beneath the right costal margin, and there 
was one plus pitting edema of the ankles. Pertinent laboratory findings included a chest plate 
which was reported as showing the heart to be enlarged in its transverse diameter, veiling of the 


left costophrenic sinus suggestive of pleural effusion, and central pulmonary congestion compatible 
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with cardiac decompensation. Advanced osteoarthritis of the thoracic spine was noted. An 
electrocardiogram, Fig. 1,D, again revealed a configuration associated with anomalous atrio- 
ventricular excitation. The inverted T waves in I, CF 4,5 were somewhat more shallow than in 
the tracing taken on Nov. 1, 1948, but there were no other appreciable changes. Hemogram, 
urinalysis, blood urea nitrogen, and sugar were not remarkable. The signs of failure rapidly 
responded to rest, sedation, salt-free diet, digitalis, and mercurials. A brief episode of paroxysmal 
auricular fibrillation was noted during digitalization but it disappeared quickly, and no other bout 
of arrhythmia was recognized. The patient was discharged on the twelfth hospital day. 


DISCUSSION 

The literature on anomalous atrioventricular excitation complicated by 
myocardial infarction is meager. In a comprehensive review of fifty-two cases 
of the syndrome which they originally described, Wolff and White" reported no 
cases of infarction. The several case reports published in recent years (listed pre- 
viously) have emphasized the difficulty in interpretation of presumptive electro- 
cardiographic changes of myocardial infarction because of the coexisting patterns 
of anomalous atrioventricular excitation. Eichert® reported a case of the syn- 
drome simulating myocardial infarction with suggestive electrocardiographic 
changes which, on serial tracings and prolonged observation, failed to substan- 
tiate the original impression of infarction. Tamagna and co-workers” produced 
an artificial accessory atrioventricular pathway in the cat and studied the effect 
of induced myocardial infarction on the electrocardiograms thus produced. 
They concluded that a large infarct with prominent S-T segment changes should 
be readily identified, but that T-wave changes alone were difficult to evaluate in 
the presence of the changes due to anomalous excitation. In our case it is be- 
lieved that little doubt concerning the diagnosis of acute myocardial infarction 
exists. The aged patient has a history of hypertension, and she presented a 
typical picture of excruciating and prolonged substernal pain associated with 
dyspnea, diaphoresis, and anxiety. Her blood pressure may be presumed to have 
fallen somewhat, her temperature was characteristically elevated, and the ery- 
throcyte sedimentation rate was accelerated. The absence of leucocytosis 
is not a rarity in cases of acute myocardial infarction. The subsequent course 
of the patient with congestive failure supervening in succeeding weeks is suggestive 
of the fact that the myocardium had sustained a potentially crippling insult. 
Finally, it is significant that progressive electrocardiographic changes were re- 
corded with characteristic inversion and coving of T waves. It is thought 
that the lack of typical S-T segment deviations in no way detracts from the 
validity of the diagnosis. 

The pertinent literature abounds with discussions of the prognostic signifi- 
cance in individuals whose electrocardiograms exhibit the short P-R and prolonged 
QRS intervals. A benign outlook is predicated by Wolff and White! who 
conclude that “the clinical course of those who coincidentally acquired heart 
disease does not appear to be altered by the abnormal electrocardiogram or 
by an unusual propensity to paroxysmal tachycardia.” Bishop,? in a review of 
forty-five cases of the syndrome, was also of the opinion that organic heart disease 
bears it no more than a coincidental relationship. Kimball and Burch,’ how- 
ever, record two cases of sudden death during paroxysms of tachycardia in 
patients with anomalous atrioventricular conduction, and the patient reported 
by Cain,’ whose frequent attacks of auricular and ventricular tachycardia were 
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severely incapacitating, suggests that an entirely unclouded prognosis may not 
be warranted in all cases. The experience gained in our case tends to emphasize 
again the likelihood that the existence of anomalous conduction pathways per 
se does not predispose toward organic cardiac disease, nor does it complicate 
recovery from superimposed acquired lesions. That our patient reached the 
age of 70 years without a symptom of heart disorder, and that her recovery from 
an acute myocardial infarction was marked by a smooth, uncomplicated course 
seems to substantiate that conclusion. The occurrence of congestive failure 
following a major myocardial injury is common experience, and the ease with 
which our patient’s decompensation was controlled is further evidence that the 
anomalous pathway of excitation in no appreciable way impaired her myocardial 
efficiency. 
SUMMARY AND CONCLUSIONS 

1. The case history of a 70-year-old woman with acute anterior wall myo- 
cardial infarction superimposed on anomalous atrioventricular conduction 
syndrome is presented. No previous record of the simultaneous occurrence of 
these lesions was found in the available literature. 

2. The prognostic benignity of the abnormality is again emphasized. 
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CYSTS OF THE PERICARDIUM 


WaALuis L. Crappock, M.D. 


Fort LoGAN, COLo. 


RIMARY tumors of the pericardium are rare. Reports of nonmalignant 

neoplasms have included fibroid tumors, teratomas, lymphomas, polyps, 
cardioliths, and cystic tumors. These tumors are usually accidentally found 
during the routine examination of the chest for some other suspected condition. 

Circumscribed or ‘‘coin”’ lesions can often be diagnosed only by thoracotomy 
even in the face of bronchoscopy, tomography, and diagnostic pneumothorax and 
pneumoperitoneum. 

Lenkeit! in 1928 discovered a cystic mass about the size of a hen’s egg located 
on the anterior aspect of the heart in the region of the coronary groove; the cyst 
was transparent, multilocular, contained clear, yellowish fluid, and had a smooth, 
shiny surface. After microscopic examination, a diagnosis of ‘cystic lymphan- 
gioma’™’ was made. In 1929, Eliaschewitsch? and Dufour and Mourrut* described 
similar cases. Earlier cases were also reported by Yatert and Stoerk.® It was 
only after thoracotomy became an innocuous procedure that these cases were 
discovered other than at autopsy. Only a dozen cases were described in the 
literature prior to the report of an additional ten cases from Army Thoracic 
Centers by Bradford, Watson, and Grow.® Other cases have been reported by 
Churchill,’ Greenfield and associates,* Lam,’ Blades,'’ Lambert," Leahy and 
Culver,” Curreri and Gale,” and Schein." Cysts of the pleura, which are much 
less frequent, have been recorded in five instances.'-!” 

Pathogenesis.—In none of the five cases of pleural cysts referred to was 
there evidence of connection of the cyst to the pericardium. However, the modes 
of genesis in the cysts arising from pleura and pericardium are essentially the 
same. Eliaschewitsch? was the first to attempt an explanation of the genesis 
of these cysts which is as follows: 

1. The cysts may be derivatives of embryonal ducts. In the peritoneal 

cavity such formations are called enterocystomas. 

2. These cysts may be considered as diverticuli of the serous cavities. 
For example, pressure by a hypertrophic heart may be responsible for 
such formations. 

3. Lobular shapes of the cysts described in these earlier cases suggest a 
cystic transformation of a lipoma, although the cysts had walls lined with 
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endothelium. A combination of a lipoma and lymphangioma could 
be responsible for such a formation. 
4. Small cysts may be formed by a dilatation of glandular fissures develop- 
ing in the wall of the serous cavity in the course of organization of a 
fibrinous exudate. 
Inflammatory, papillary protrusions may undergo cystic trans- 


formation; these often follow pericarditis or pleuritis. Such an 
occurrence would explain the presence of fibrinous masses in the external 
layers often noted. 

6. The cysts are not real tumors but development malformations. The 
presence of other signs of excessive anlage in form of a papilloma of the 
larvnx supports this theory. 

Other terms given to these cysts of the pericardium include ‘“‘simple cysts,” 

“simple serous cysts,” “spring water cysts,’ “pericardiophrenic angle cyst,”’ 

the commonly used term ‘pericardial coelomic cyst’’ introduced by Lambert," 

‘congenital diverticula."’ Haas?’ has set forth the 


and the earlier used term, 
theory that these ‘‘congenital diverticula” form at a point of weakness in the 
parietal pericardium where the fibrous layer passes out along the great vessels. 

Lambert's explanation for these pericardial cysts is based on a consideration 
of the embryology of the pericardium, as this structure arises from a series of 
disconnected lacunae which appear early in the embryo. These lacunae in the 
mesenchyme remain for a time as individual spaces, but eventually coalesce 
to form the pericardium coelom. If one of these lacunar cavities failed to merge, 
it could persist and give rise to a cyst in the vicinity of the pericardium, a “‘peri- 
cardial coelomic cyst.’’ This view has remained unchallenged. 


CASE REPORT 

E. Z., a man aged 49 years, was admitted to the Veterans Administration Hospital, Fort 
Logan, on Nov. 5, 1947. A routine chest x-ray in connection with a pension claim at the Veterans 
Administration Regional Office, Denver, had revealed ‘‘some prominence of the right hilar mark- 
ings.!! (Fig. 1.) Hospitalization was advised for diagnostic studies. 

Except for a history of bronchial asthma, dating from 1942, the past history was negative. 
lhe patient was entirely asymptomatic and physical examination did not reveal anything ab- 
normal. The laboratory findings, including complete blood count, urinalysis, erythrocyte sedi- 
mentation rate, blood serology, and repeated sputum and gastric washings for tubercle bacilli 
were negative. Skin tests, including tuberculin, histoplasmin, and coccidioidin were negative. 
Electrocardiogram and upper gastrointestinal series were normal. Cardiac fluoroscopy revealed 
no abnormalities of the heart or great vessels. A series of chest x-rays including apical, lateral, 
and oblique views revealed clear lung fields with the prominent hilus on the right side as noted 
on the admission film. Overexposed Bucky views indicated a density in the right mediastinum 
but laminograms indicated no evidence of hilar cavitation. Bronchoscopic examination was 
negative. 

An exploratory thoracotomy was performed on Dec. 18, 1947, the pleura being opened 
through the sixth intercostal space. In the anterior mediastinum at the apex of the pericardium, 
a soft, rounded tumor measuring approximately 3.5 cm. in diameter was found. This tumor 
appeared to rise from the top of the pericardium just above the aortic arch. It was clearly transil- 
luminated, and its fluid contents could be expressed. The lesion was dissected free by blunt and 
sharp dissection. The postoperative course was uneventful. 

Pathological findings: The specimen consisted of an unfixed saclike structure which appeared 
collapsed, open at one end, measuring 3.5 cm. in diameter and lined by a wrinkled, glistening mem- 
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Fig. 1..-On admission; prominence of right hilar markings, Nov. 5, 1947 


Fig. 2..—X-ray of chest, April 27, 1950, following removal of pericardial cyst Dec. 18, 1947. 


brane. It was covered externally by loose arealar tissue. Microscopic sections of the cyst wall 
showed no histologic evidence of malignancy or inflammation. The structure consisted of a thin 
layer of loose connective tissue covered on its free surfaces by mesothelium. Large villous projec- 
tions and folds extended into the cyst cavity. 

Follow-up examinations at regular intervals have revealed the patient to be asymptomatic 
except for occasional attacks of bronchial asthma. X-ray of the chest on April 27, 1950, revealed 
no recurrence of the cyst (Fig. 2). 
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DISCUSSION 


Pericardial cysts and cystic lesions of the mediastinum are of little con- 
sequence except in the differential diagnosis of space-occupying lesions of the 
thorax. Schein" asserts that if the diagnosis can be positively made by thor- 
acoscopy, Operation is not indicated. 

A brief differential diagnosis of cystic lesions which are found in the thorax 
should include: 

1. Echinococcus cysts, which exhibit a characteristic lining membrane. 

2. Embryonal cell-rest cysts from the respiratory and alimentary tracts, 

which show a cellular structure that readily identifies them. 

3. Dermoid cysts and teratomas, which likewise have a distinctive com- 

position. 

4. Lymphangiomas, which represent a type of cystic growth resulting 

from malformation of a group of lymph vessels. 


So-called ‘‘pericardial coelomic cysts,"’ which arise from one of the 
pericardial lacunae. 


Laipply*! has listed eight kinds of congenital cysts found in the mediastinum: 
epidermoid, dermoid, teratoid, bronchial, esophageal, gastroenteric, “‘pericardial 
coelomic cysts,” and cystic lyvmphangiomas. It is important that the last two 
be considered, since they are of mesodermal origin. These differ considerably 
in gross and microscopic structure. 


‘Pericardial coelomic cyst” Cystic lymphangioma 
1. Simple in structure; usually unilocular. 1. Complicated in structure; multilocular. 
2. Walls are thin layer of mesothelium, peel- 2. Walls of varying thickness; attempts at 
ing readily from surrounding structures removal often associated with severe hem- 
(well-circumscribed). orrhages. 
3. Blood supply derived from pericardium. 3. Blood supply derived from several sources. 
Of the reported cases of pericardial cysts, the following figures may be 
tabulated: 
Cases: 18. 
Sex: Male 60 per cent (sex not reported in two cases). 
Age: Youngest, 29; oldest, 86; average: male, 36, female, 53. 
Side: Equal distribution, right and left (not stated two cases). 


Symptoms: None, 12; cough, 1; dyspnea, 2; precordial pain, 3. 


Type of Cyst: 
‘Pericardial coelomic cyst” 1 
Cystic lyvmphangioma. 
Unable to classify... 


Nm 


SUMMARY 


Cystic conditions affecting the pericardium have been discussed in general. 
The literature has been carefully reviewed, and the differential points and diag- 
nostic procedures to be evaluated in a case presenting a lesion of this type are 
illustrated in a reported case. Possible modes of genesis have been summarized. 
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HODGKIN'S GRANULOMA WITH PERICARDIAL EFFUSION 


AN UNUSUAL CASE OF HODGKIN'S DISEASE PRESENTING INITIALLY THE 
SIGNS AND SYMPTOMS OF PERICARDITIS WITH EFFUSION 


JAMeEs ALBERT HAGANs, M.D. 


DAYTON, OHIO 


“T°UMORS of the heart or pericardium occur infrequently.' Particularly, 

invasion of the heart or the pericardium by the lesion of Hodgkin’s disease 
is seldom encountered and is still more seldom recognized as such during life.'-‘ 
Clinical evidence of pericardial effusion as a manifestation of Hodgkin’s disease 
in the heart and the pericardium is quite unusual. In an article reviewing the 
intrathoracic manifestations of the lymphomatoid diseases by Vieta and Craver,'® 
there are included 411 cases of Hodgkin's disease with fifty-one necropsy reports, 
88 per cent of which had some form of Hodgkin's disease within the thorax; no 
mention is made of involvement of the heart or of the pericardium. Jackson and 
Parker! mention two cases in their monograph; both of these patients were 
suffering from Hodgkin's granuloma, and the pericardial effusion was of the 
hemorrhagic type. Death ensued shortly after its clinical recognition. The 
authors make the statement that involvement of the serous cavities does not occur 
in Hodgkin's paragranuloma and that they have never seen clinical pericarditis 
with effusion in Hodgkin's sarcoma. In their cases of Hodgkin’s granuloma which 
came to autopsy, the heart muscle was not invaded in any case, but in two cases 
there were small nodules in the parietal pericardium. In six other cases there was 
a moderate serous effusion (100 to 300 c.c.). They point out that Terplan and 
Mittelbach have reported the frequent occurrence of nodular lesions in the 
parietal pericardium in Hodgkin's disease. In Jackson and Parker's cases of 
Hodgkin's sarcoma at the necropsy table, three showed a moderate serous effusion 
into the pericardial sac, and one other had a small nodule of tumor in the parietal 
pericardium. 

Scott and Garvin' reported a series of 118 cases in which the heart or the 
pericardium or both were secondarily involved by tumor (multiple varieties) at 
necropsy and related that the pericardium was normal in eighty-nine cases; 
there was a simple effusion in five, purulent pericarditis in three, bloody fluid in 
seven, serofibrinous pericarditis in eleven, obliteration by tumor in one, and 
fibrous obliteration in two. These authors state that the pericardial fluid, though 
seldom present in sufficient quantity to be detected clinically, constitutes a valu- 
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able diagnostic sign of cardiac metastases when it can be demonstrated in a 
patient with a known malignant tumor. They observed twenty-two cases of 
Hodgkin’s disease; in no case was the heart involved, and in only one case were 
metastases to the parietal pericardium found. They, as well as other authors, 
point out that myocardial insufficiency, disorders of the cardiac mechanism, or 
changes in the cardiac silhouette on the posteroanterior teleoroentgenogram of the 
chest occurring without apparent cause in a patient known to have a malignant 
disease should lead one to suspect the presence of cardiac metastases.'-* 


Interesting case reports and brief but informative reviews of the literature 
on the subject of cardiac involvement in Hodgkin's disease are readily available 
in the literature.?-*-* In some of the cases reported, the pericardium alone was 
involved by Hodgkin’s disease, in others primarily the heart (usually the epi- 
cardium or/and the atria), and in still others both the pericardium and the heart 
were affected. The case reported by Ayerza and Cernich’ is of special interest 
because of its similarity in many respects to the case to be reported here. The 
pericardial fluid in their case is said to have contained “‘hematocytoplastic cells 
of the Sternberg type, 60,000 red blood cells, 8,000 nuclear cells, of which 77 per 
cent were eosinophiles.”’ 

CASE REPORT 


A 26-year-old white man entered the hospital complaining of difficulty in breathing of five 
months duration. He first noticed mild shortness of breath on exertion which persisted but 
apparently did not progress over a period of three weeks. Then, while climbing the hill to his 
home, he was seized suddenly with a severe smothering sensation consisting of a feeling of extreme 
pressure beneath the sternum associated with a severe, dull, aching pain in the thoracic spine. 
He was rushed to a local hospital by neighbors, and x-rays of his chest and abdomen were taken. 
lhe next morning the patient was entirely asymptomatic and he was discharged from the hos- 
pital, his doctor telling him that he had heart trouble with an enlarged heart and advising him to 
seek help at the Veterans Administration. The patient attempted to return to work, but quickly 
discovered that there was difficulty in breathing on exertion, and this forced him to remain at 
rest at home. From then until admission to this hospital, the patient noticed progressive sub- 
sternal oppression, dyspnea on moderate exertion at first, then on minimal exertion, cough pro- 
ductive of whitish foamy sputum never containing blood and recurrent dull aching pain in the 
midthoracic spine. He also experienced nocturia progressing to three to four times nightly, occa- 
sional episodes of vomiting without abdominal pain following a severe episode of coughing, and 
then progressive anorexia, and a weight loss of 20 pounds during the four months preceding hos- 
pitalization here. Two months before adinission the patient first noticed multiple painless nodu- 
lar swellings on both sides of the neck. He reported that at no time did he have difficulty in lying 
or sleeping flat in bed. He denied chills and fever, anterior chest pain of any variety, and swelling 
of the abdomen or ankles. The past history and family and social history were entirely non- 
contributory. 


On admission to the hospital the general physical examination revealed the following: the 
oral temperature was 98.2°, radial pulse 120 beats per minute and regular, respirations 28 per 
minute, and the arterial blood pressure 105/80 mm. Hg in both upper extremities. On deep 
inspiration the blood pressure was found repeatedly to be in the range of 95/80 mm. Hg. The 
patient appeared to be a well-developed and poorly nourished white man in slight respiratory 
distress at rest in the chair. No cyanosis was noted. There was hyporesonance in the right 
axilla, and there were diminished breath sounds with a few moist, fine inspiratory rales at both 
bases and in both axillae, more pronounced on the right. To percussion, the heart was enlarged 
to the left to the anterior axillary line in the fifth interspace. The heart sounds were normal, 
though distant. The liver and spleen were not palpable. There were multiple firm, rubbery, 
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nontender, matted masses of lymph nodes ranging in size from 1 to 3 em. in diameter in both an- 
terior and posterior cervical chains, both supraclavicular spaces, both axillae, and to a lesser 
extent in the inguinal region bilaterally. The superficial veins of the upper anterior chest wall 
and of the upper extremities were engorged with blood and were tortuous with the patient stand- 
ing, sitting, or lving down. The mucous membranes and nail beds appeared pale. No petechiae 
were noted. 

Laboratory studies disclosed the following: hemoglobin 11.0 Gm. per 100 c.c., erythrocyte 
count 4,100,000, hematocrit 42 per cent, mean corpuscular volume 100 cubic micra, mean cor- 
puscular hemoglobin 26.8 micro-micrograms, mean corpuscular hemoglobin concentration 26.3 
per cent. White blood cell counts prior to treatment ranged from 15,000 to 20,000 in the peripheral 
blood with neutrophiles ranging from 80 to 90 per cent and lymphocytes 6 to 16 per cent. The 
highest eosinophile count was 5 per cent, and the highest monocyte count was 8 per cent. No 
basophiles were seen in a series of fifteen blood smear studies. The blood serology was negative. 


Fig. 1.—-Photograph of a posteroanterior teleoroentgenogram of the chest taken shortly after 
admission to the hospital and showing the presence of a rather extensive pericardial effusion. Note 
also the prominent hilar shadows and the tendency to widening of the superior mediastinal shadow. 


Serial urinalyses were all within normal limits. Sputum smears stained for acid-fast organisms 
were negative on thirty consecutive examinations. A sputum culture on admission gave a heavy 
growth of Staphylococcus albus, nonhemolytic streptococcus, and a light growth of beta hemo- 
lytic streptococcus. Blood cultures taken three times a day for the first three hospital days 
revealed no growth in twenty-four and forty-eight hours and no growth in ten days. The non- 
protein nitrogen was 25 mg. per cent, total protein 7.1 Gm., albumin 4.4 Gm., and globulin 2.7 
Gm., total cholesterol 140 mg. per cent, cholesterol esters 80 per cent of the total, thymol tur- 
bidity 5 units, heterophile agglutination negative, and cephalin flocculation 1 plus positive. 
A purified protein derivative No. 1 intradermal test was 2 plus positive in forty-eight and seventy- 
two hours. 

Three direct examinations of stained smears from the pericardial fluid were negative for acid- 
fast organisms, and two guinea pig inoculations with pericardial fluid were negative for evidence 
of tuberculosis. Two routine cultures of the pericardial fluid gave no growth. Studies of the 
cellular concentrations of the pericardial fluid were prevented by clotting of the fluid before it 
reached the laboratory. A cell block study of the pericardial fluid revealed predominantly lympho- 
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cytes with an occasional endothelial cell and an occasional neutrophile. No eosinophiles or ‘tumor 
cells” were seen. Papanicolau stains revealed no ‘“‘malignant cells.” Biopsy of a lymph node 
from the right anterior cervical chain on the fifth hospital day revealed the presence of Hodgkin’s 
granuloma. An electrocardiogram taken on the day of admission to the hospital was within 
normal limits with the exception that the highest QRS complex in the three standard leads 
measured just 5 mm. A posteroanterior teleroentgenogram of the chest taken the day of ad- 
mission revealed extensive and generalized cardiac enlargement with a broad cardiac base 
and an apex shadow extending to the lateral chest wall, nodular prominences in both hilar regions 
(more marked on the right), and the suggestion of a trace of fluid in the right costophrenic angle 
(Fig. 1). There was generalized prominence of the pulmonary markings. Two months after the 
institution of treatment, an x-ray of the chest revealed a considerable decrease in the size of the 
cardiac silhouette which closely approached normal. There was a definite decrease in the hilar 
density, and the lung fields appeared clear except for prominent pulmonary markings in the right 
lower lobe. Both costophrenic angles were clear (Fig. 3). X-ray studies of the dorsal and lumbo- 
sacral spine revealed no evidence of bone lesions. 


Fig. 2.—Photograph of the posteroanterior teleoroentgenogram of the chest taken within an hour 
after the second attempt at injection of air into the pericardial sac was made (250 c.c. of air were in- 
jected). Note the fluid level within the pericardial sac. 


The course of the patient in the hospital was as follows: on the third hospital day the patient 
Was given intramuscular penicillin (mixed with Decapryn), 100,000 units every six hours for seven 
days in an attempt to free the sputum of beta hemolytic streptococci. There was no appreciable 
change in daily temperature variations which ranged from normal to 101.5°F. and no appreciable 
change in the persistent leucocytosis. On the sixth hospital day the venous pressure in the right 
antecubital space was 22.4 cm. of water and 23.0 cm. of water in the left. On the seventh hospital 
day an angiocardiogram was performed, and the shadows of the base of the superior vena cava, 
the right auricle, and the right ventricle were seen to lie well within the cardiac silhouette, sug- 
gesting the presence of a large pericardial effusion. On the tenth hospital day 215 c.c. of light 
brownish-yellow, thin fluid was removed by pericardial puncture (using the left xyphosternal 
notch approach), and 100 c.c. of air were injected. A chest plate taken within the hour revealed 
an appreciable decrease in the size and change in shape of the cardiac silhouette. There was a 
small pneumothorax in the right pleural space. There was no demonstrable air in the pericardium. 
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It was felt that the needle had slipped between the time of aspiration of the pericardial fluid and 
the injection of air. On the twelfth hospital day a repeat pericardial puncture was performed 
via the same route, 500 c.c. of thin, brownish-yellow fluid were removed, and 250 c.c. of air were 
injected. A chest plate taken within the hour revealed a considerable amount of air in the peri- 
cardiac sac. The minimal right pneumothorax persisted and there was minimal fluid in the right 
costophrenic angle (Fig. 2). A chest film taken eight davs later again revealed gross cardiac 
enlargement not unlike the appearance of the admission chest x-ray. There was no demon- 
strable air in the pericardial sac or the right pleural space at this time. 


Fig. 3.—-Photograph of the posteroanterior teleoroentgenogram of the chest taken shortly before 
the patient left the hospital and after completion of therapy with intravenous nitrogen mustard and 
radiation to the mediastinum. Note the approach of the cardiac silhouette toward normal, the clearing 
of the lung fields, and the decrease in the prominence of the hilar and superior mediastinal shadows. 
Some residual prominence of the pulmonary markings in the right lower lung field persists. 


On the thirtieth hospital day the patient was given 0.1 mg. of nitrogen mustard per kilogram 
of body weight intravenously each day for four consecutive days. Five days after the last dose 
was given, the patient became afebrile and remained so for the next five days. <A general feeling 
of well-being returned to the patient; he ate better, and the palpable adenopathy became less 
pronounced. On the tenth day following this treatment he began to show a daily temperature 
fluctuation from normal to 100°F. This continued for the next twenty-six days, and during the 
last ten days of that time the temperature rose to 101°F or higher on four occasions. On the 
twenty-eighth day after nitrogen mustard treatment had been completed, radiation therapy to 
the neck, axillae, mediastinum, and groin was begun. On the tenth day after the first exposure to 
radiation therapy, which was given every other day for a series of ten exposures, the temperature 
remained normal, and the patient exhibited no further fever from then until he left the hospital 
three weeks later. 

During the last two weeks of hospital stay the patient became essentially asymptomatic. 
He ate well, slept well, and felt so well that he finally left the hospital against medical advice. 
He has not returned for the desired follow-up studies in the ensuing five months. Serial x-ray 
cexamimations of the chest during the patient’s hospital stay, the last film being taken six days be- 
fore the patient left the hospital, revealed a gradual but rather dramatic approach of the cardiac 
silhouette toward normal. This was associated with clearing of the lung fields except for a mini- 
mal prominence of the pulmonary markings in the right lower lobe and a decrease in the promi- 
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nence of the hilar shadows. Just prior to leaving the hospital the patient volunteered the infor- 
mation that he had walked a distance of approximately sixteen city blocks while on a temporary 
pass from the hospital without noticeable distress. Adenopathy was barely discernible by palpa- 
tion at this time. A telephone conversation with one of the patient’s parents three months after 
he left the hospital revealed that the patient was working daily and eating well. He had gained 
weight, looked well, felt well, and had not noticed any return of the swellings in the neck, the short- 
ness of breath on exertion, or the cough. 


SUMMARY AND CONCLUSIONS 
An interesting and unusual case of a young white man with Hodgkin's 
disease is presented. The patient’s initial symptoms were cardiac in type and 
strongly suggested the presence of pericarditis with effusion. It was not until 
several months later that it became obvious to the patient or to his doctors that 
he was suffering from a disease of his lymph nodes (i.e., until peripheral lympha- 
denopathy was noted). The likelihood that the patient suffered from Hodgkin's 
granuloma which began in the mediastinal or the cervical nodes is great in view 
of the known high incidence of Hodgkin's granuloma in these areas‘ as compared 
to the extremely low incidence of its location in the heart or the pericardium.'-* 
It is quite probable that the pericardium was involved by the disease process in 
view of the clinical evidence of pericardial effusion without other apparent cause' 
and the rather dramatic resolution of the pericardial effusion and regression of the 
lymphadenopathy during and following treatment with nitrogen mustard and 
radiation therapy. Finally, it is most likely that the pericardium was involved 
via lymphatic routes from the mediastinal lymph nodes.’ 


ADDENDUM 
Since this paper was written, the patient described in the case report has 
returned to the hospital complaining of recurrent painless nodular swellings in 
the neck and axillae, a mild nonproductive cough, anorexia and fever, a general 
feeling of weakness and easy fatigability, and a weight loss of about 15 pounds 
during the past several months. There was a period of approximately six months 
between hospitalizations. A general physical examination, a chest x-ray, and an 
electrocardiogram at the time of this admission reveal no evidence of pericarditis 
or of pericardial effusion. 
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ANOMALOUS LEFT CORONARY ARTERY ARISING FROM THE 
PULMONARY ARTERY (ADULT TYPE) 


BENJAMIN A. GouLey, M.D. 


PHILADELPHIA, PA. 


HE congenital defect of the anomalous origin of the left coronary artery 

from the pulmonary artery has been studied in infants in sufficient detail 
to permit the recognition of an entity that might be termed ‘infantile angina 
pectoris.” This is based on the observation of paroxysmal distress and cyanosis 
in infants, indicative of coronary-myocardial insufficiency.'* Electrocardio- 
graphic verification is essential. An ante-mortem diagnosis with confirmation 
by autopsy has recently been reported.’ 

In this anomaly myocardial anoxemia with destruction limited to the area 
supplied by the left coronary artery can be studied in the absence of atheroma- 
tosis, infection, and embolism. Moreover, this occurs at a time of life when 
compensatory readjustment in intracardiac circulation has not reached the devel- 
opment commonly seen in adult life after coronary artery occlusion. 

This anomaly has been noted mostly in infants less than one year old. Aside 
from the case herein reported, there are seven instances of ‘‘adult type” in the 
world literature. The author uses the term ‘‘adult type”’ in the belief that there 
is a marked differentiation, clinically and pathologically, between the infantile 
and the adult lesions of an anomalous left coronary artery. Survival into adult 
life is rare and worthy of record. The following case report has some added sig- 
nificance in that it is the first in the adult group to include electrocardiographic 
study. 

CASE REPORT 

N. F., a white man aged 34 years, collapsed while unloading a truck. No exertional or emo- 
tional factor was apparent in this sudden death. The man had never shown signs of heart disease. 
He had been treated in the last sixteen months of his life for a stubborn skin condition diagnosed 
as “generalized eczematoid dermatitis."” Thirteen months before his death, while hospitalized 
for further study of this dermatological lesion, the patient had a general examination. The his- 
tory was negative for chest pain, palpitation, and dyspnea. The heart was of normal size; its 
rate was regular at 96 per minute. No murmurs were heard. The systemic blood pressure was 
120/75 mm. Hg. Serology was negative, and all other laboratory data were within normal limits. 
However, an electrocardiogram presented certain abnormalities (Fig. 1). 

The patient returned to his work as a trucker, at which he continued with occasional inter- 
ruptions necessitated by his skin trouble. While his work was more or less strenuous, it was his 
regular routine, and death was entirely unexpected. 

An autopsy was performed at the Coroner's Office, Philadelphia. Only relevant findings, 
almost all related to the unusual cardiac status, are herein recorded. The body was of medium 
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stature and showed good nutrition. Muscular development was good. There was no evidence of 
the generalized skin eruption from which this man occasionally suffered. The extremities showed 
nothing of note. The fingers were of normal appearance, and neither here nor in the face was 
there unusual cyanosis. 

The heart weighed 350 grams. Its shape was normal despite some terminal relaxation of 
The right coronary artery was immediately noticeable, standing out as a large, 


both ventricles. 
Continuously enlarged, it extended 


rounded ridge, tortuous in the manner of a cirsoid aneurysm. 
downward in the posterior interventricular groove to the apex, giving off many tortuous branches, 
which ramified over the entire posterior aspect of the heart and onto the lateral aspect of the left 


ventricle. 


Fig. 1.—Electrocardiogram thirteen months before patient's death. Top left, Lead I; top right, 
Lead II; bottom left, Lead III, and bottom right, Lead IV F. It shows normal sinus rhythm, rate 72 
per minute; left axis deviation, with bundle branch conduction defect (QRS, 0.12 sec.); ST; depressed; 


deep Se; biphasic Ty. 


Section of the heart showed a large orifice arising from the pulmonary artery just above the 
‘left posterior sinus (Fig. 2). This orifice, identified as that of the left coronary artery, was 1.3 cm. 
in diameter. On reaching the interventricular groove, high on the anterior aspect of the ventricular 
septum, the artery showed some diminution in size, but as yet was a large, thin-walled vessel 
rather slack and atonic, easily mistaken at first glance for a large vein. Large branches in the 
upper 2.5 cm. were identified as the left cirumflex and septal arteries. No atheromatous discolora- 
tion or thickening was found. Slightly above the midlevel of the ventricle, this thin-walled vessel 
was rather suddenly lost in a multiplicity of branchings that resisted further scissor dissection. 
The right coronary artery had its origin at its normal site, namely, from the aorta in the 
right anterior sinus of Valsalva. Its orifice was also enlarged, being 8 mm. in diameter. This 
artery quickly expanded in size. On emergence through the aortic wall it was 2.5 cm. in circum- 
ference, and midway to the right cardiac border it was 3.6 cm. with an estimated diameter of 1.2 
cm. (Fig. 3). Many small flecks and streaks of atheroma were seen, but at no point was there 
any significant reduction of the large lumen. The lumina of the branches over the posterior aspect 
of the heart were correspondingly enlarged. 
The coronary venous system, including the coronary sinus, appeared to be normal. 
The myocardium was bluish-brown and showed good tonus. There was a striking zone of 
subendocardial fibrosis in the anterior portion of the ventricular septum and in the adjacent 
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ig. 2._-The large orifice of the left coronary artery arising from the pulmonary artery, above the left 
posterior sinus of Valsalva. 


Fig. 3.—The enlarged sinuous right coronary artery emptying from the aorta (left); generally smooth, 
but small streaks and spots of atheroma can be seen. 


anterior ventricular wall, extending from the aortic valvular ring down to the apex (Fig. 4). 
This longitudinal scar was intramural in its upper half for about one-third of the thickness of the 
wall. The scar extended laterally from the apex to involve the anterior papillary muscle, which 
was grayish-red and somewhat flattened. The posterior papillary muscle was normal. 

The cardiac valves were normal, and the aorta in its entirety showed only minimal atheroma. 

The lungs were acutely congested but showed little pulmonary edema. The remaining vis- 
cera likewise revealed only terminal congestion. 

Histopathology.—Sections from the anterior aspect of the left ventricle in the upper half 
showed the following changes: The inner aspect of the ventricular wall had been replaced by 
librous tissue. A narrow subendocardial fringe of myocardium had been generally preserved, 
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seen mostly in the mural columns partially exposed in the ventricular lumen. Small deposits of 
calcium were occasionally seen in the scarred area. 

The anterior descending branch of the left coronary artery (Fig. 5) showed a moderately 
thick mat of intimal tissue, shown by Weigert stain to be a fibroelastic hyperplasia. This was 
occasionally thrown up in small rounded folds. The internal elastic membrane was thickened 
in some places, lost in others. The media was thin, showing a striking diminution in smooth 
muscle. The muscle fibers were seen as isolated loose strands separated from each other by a loose 
edematous connective tissue or by lined spaces probably fluid-filled. In sections slightly above 
midlevel of the left ventricle, the artery showed striking changes. Branching directly from this 
enlarged thin-walled artery at the epicardial surface, there were other large vessels with enor- 
mously thickened walls. The transition was abrupt. These vessels consisted, from the outside, 
of an adventitia containing nerve structure; then there was a very narrow media, in some fields 
almost aplastic. The large bulk of such a vessel wall consisted of an intima thickened by a fibro- 
musculo-elastic hyperplasia, in which the elastic element was predominant and most concentrated 
immediately beneath the endothelium. ‘This thickened intima was thrown up into huge folds 


Fig. 4.—The left ventricle, laid horizontally, opened and viewed from the left, showing subendo- 
cardial scar of the anterior wall. The anterior (lateral) papillary muscle is slightly scarred. Note large 
vascular openings from the lumen of the ventricle into the scar and at the root of the papillary muscle. 


which project into the lumen, often in sharp dentate fashion (Fig. 6). At a level only slightly 
below the epicardial surface and slightly beyond the transition from recognizable arterial struc- 
ture, the media disappeared and the entire thickness of the vessel wall was taken up by the thick 
rugose intima. The latter was now pierced by numerous thin clefts coming away from the nar- 
rowed lumen (Fig. 6). At the adventitia these narrow vessels, now less confined by lateral pressure, 
dilated somewhat and were seen as thick-walled structures, fibroelastic without a medial coat. 
The wall was thicker than the lumen, and while often it consisted of densely cellular elastica, some 
sectors were relatively acellular. Then the vessel wall was revealed as a thick hvaline coat. 
These small thick-walled vessels were exceedingly numerous throughout the anterior ventricular 
septal wall (Fig. 7). They were accompanied occasionally by nerve structure. They extended 
down to the ventricular lumen, spreading out immediately beneath the endocardium as a wide- 
spread system of canals. They occasionally dipped into the ventricular lumen as pendant teats 
(Fig. 8). 

There are other vessels, namely sinusoids, some of which were markedly dilated. They were 
numerous in some areas, relatively sparse in others. Many of them connect with the system of 
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Fig. 5.—The anterior descending branch of the left coronary artery. Note the moderately thick- 
ened, slightly tufted intima, the unusually thin media composed of occasional strands of smooth muscle 
irregularly disposed (A). Note complete absence of atheroma. (Hematoxylin-eosin stain x 100.) 


Fig. 6.—Large and enormously thick-walled “‘transitional’’ vessel, a direct branch of the anterior 
descending coronary artery; its wall consists mostly of hypertrophied intimal elastica (elastosis). Wall 
pierced by numerous vascular clefts which emerge as thick-walled “‘fibroelastic’’ arterioles (A). (Hema- 
toxylin-eosin stain < 100.) 


“fibroelastic arterioles.’ One group was followed through sub-serial sections as a separate system 
penetrating the entire thickness of the ventricular wall, emptying into large veins in the epicardium. 

Sections taken from the posterior wall of the left ventricle showed large arterial branches 
of normal structure and normal arterioles. The myocardium was well preserved and unscarred in 
these sections as well as in those from the right ventricle excluding the anterior septal area. 
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Fig. 7.—Thick-walled, fibroelastic small arteries and arterioles in the anterior wall of the left ven- 
tricle (A). Note elastic intimal hyperplasia with cellular elements projecting at right angles into the 


lumen (x 100). 


Fig. 8.—Rich intramural circulation reaching the lumen of the left ventricle. Note numerous 
thick-walled ‘‘fibroelastic’’ arterioles (A) and occasional thin-walled sinusoids (S); also an arteriole 
dipping into an inlet of the ventricular lumen, a direct intramural-ventricular communication (B). 


DISCUSSION 
Survival with anomalous left coronary artery arising from the pulmonary 
artery is apparently dependent on a remarkable intracardiac vascular adjust- 
ment. In the case herein reported, histologic study showed that the anterior 
descending coronary artery, the main branch of the left coronary, was never 
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subjected to the high intravascular pressure ordinarily present in that important 
vessel. The artery was large, atonic, and thin-walled. Its medial coat was 
abnormally thin, its smooth muscle hypoplastic, both indicative that while struc- 
turally this vessel was an artery, functionally it was an outlet of the right ventricle, 
whose intraluminal pressure is one-fourth that of the left. 

One of the striking histologic features was the marked vascular elastosis pre- 
valent throughout the anterior wall of the left ventricle and the adjacent portion 
of the septum while absent in the rest of the myocardium. Its presence, pre- 
viously noted in both infantile and adult type cases, has been attributed to 
anoxemia.* In our own opinion it is evidence of high intravascular tension as 
shown, for example, in the pulmonary circulation in chronic cardiopulmonary 
disease.” The endocardium of the involved portion of the left ventricle was 
thickened by fibroelastosis. This process was continuous in the small thick- 
walled vessels up to the epicardial surface; at this point, where they converged 
into the large and enormously thick-walled vessels interposed between them and 
the anterior descending coronary artery, elastosis showed its most striking 
development. The walls of these transitional vessels consisted almost entirely 
of hyperplastic elastica, and if high intravascular tension is the cause of vascular 
and endocardial elastosis, it follows that these ‘‘transitional’’ vessels mark the 
site of great pressure. They are interposed barriers, I believe, between a high 
pressure area, namely, the anterior wall of the left ventricle nourished directly 
from the lumen of the ventricle, and the subepicardial fringe of the upper anterior 
ventricular septal area supplied by the left coronary artery carrying venous blood 
pumped in under the comparatively low pressure of the right ventricle. All of 
the vascular changes herein noted indicate that the anterior wall of the left ven- 
tricle was nourished by a rich intramural circulation structurally continuous with 
the left coronary artery but with the blood flow reversed, originating at the 
endocardial surface of the left ventricle. While the Thebesian sinusoids were 
prominent, they were a minor though integrated part of this vascular read- 
justment. 

The histologic data in this case indicates that the intramural circulation was 
more than an “‘ebb and flow” tide, such as probably occurs in feeble fashion in 
subendocardial areas of the myocardium following complete occlusion of the left 
coronary artery. The findings also lead to the opinion admittedly speculative, 
that at the terminal end of this retrograde circulation (in the subepicardial area) 
there existed some measure of floodgate control. 


Other features worthy of comment were the abnormal vascular deposition 
of cholesterol, the unusual arterial dilatation, and the electrocardiogram. 

That atheroma is partly the result of increased blood pressure was well 
illustrated by the presence of slight but definite cholesterol deposits in the right 
coronary artery, while these deposits were entirely absent in their usual site, 
namely, the left coronary artery, especially the proximal portion of the anterior 
descending branch of that artery. On the other hand, no cholesterol deposit was 
noted in the hypertrophied ‘‘transitional’’ and the smaller intramural arteries 
which undoubtedly functioned under increased pressure. 
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Both arteries were markedly dilated and their orifices were enlarged. This 
must have developed in early life, yet no mention of such vascular enlargement 
is noted in the infantile cases reviewed by Kaunitz.‘ Dietrich considered this a 
sign of adaptation permitting survival.® Almost all of the reported cases in adults 
showed at least right coronary dilatation, sometimes, as in this case, to a degree 
suggestive of cirsoid aneurysm. Such enlargement of the right coronary artery 
does not follow atheromatous occlusion of the left coronary, regardless of time 
factors. 

The electrocardiogram in this case escapes comparison, being the only one, 
as far as I know, of ‘‘adult type’’ anomalous left coronary artery. It is abnormal, 
but does not present the T-wave inversions noted in the infantile cases.':* There 
is some suggestion of chronic anterior wall damage in the T-wave change in 
IV F, the only direct lead available. Of interest is bundle branch defect and a 
deep Se in a heart that was scarcely enlarged. The tracings taken in infantile 
cases are representative of the subacute or subchronic phase of infarction. 


SUMMARY 


A case is reported of anomalous left coronary artery arising from the pul- 
monary artery (adult type). Death was sudden. Electrocardiographic study 
thirteen months before death revealed an abnormality not identifiable with 
classical types of coronary artery occlusion and subsequent infarction. Necropsy 
revealed a striking alteration in the intramural vascular structure of the anterior 
wall of the left ventricle. It is believed that this part of the heart was supplied 
with blood directly from the left ventricular lumen. 


The author is greatly indebted to Dr. E. R. Tyler, Durham, N. C., for the clinical and electro- 
cardiographic data; to the Corone? of Philadelphia, Dr. J. Allen Bertolet; and to Miss Catherine 
Clarkson, technician in the coroner’s laboratory, for her painstaking serial section work. 
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CATION EXCHANGERS: THEIR USE AND HAZARDS 
AS AIDS IN MANAGING EDEMA 


WittiAmM Dock, M.D., AND N. ROBERT FRANK, M.D. 


BROcKLYN, N. Y. 


ON exchangers are insoluble bases or acids which can remove acidic or basic 


ions respectively from solutions with which they come in contact. Their 
chief use is in water conditioning. Thus chloride can be removed by passing 
water through a column containing the carbonate form of anion exchanger, and 
the chloride of gastric juice can be taken up in the stomach of a patient who 
swallows such an anion exchanger.' In the same way, sodium, potassium, cal- 
cium, and other inorganic or organic cations will be removed from a solution pass- 
ing through acolumn of hydrogen, or acid, form of cation exchanger, and these 
ions are removed from the enteric fluids of subjects who swallow cation ex- 
changer.?* 

Sulfonated powdered coal is widely used as a cation exchanger in industrial 
water purification, but most of the cation exchangers are synthetic resins or 
zeolites which are converted to acids by sulfonation or carboxylation. Some 
forms of natural clay or earth act as weak cation exchangers, while sulfonated 
zeolites are quite active. The substances used in treating edema have been 
chiefly the synthetic resins formed from polystyrene, with divinyl benzene cross 
links.' In this review, resin and exchanger are used as equivalent terms, and the 
ion with which the product is saturated at the time it is administered will be 
indicated. Thus, hydrogen exchanger is the term for the resin in its acid form. 
Ammonium or potassium exchanger is used when the resin or zeolite has most of 
its free valences bound to ammonium or to potassium at the time it is ingested. 

The earlier exchangers took up only 2 or 3 meq. of electrolyte per gram. 
Those now used clinically have a maximum capacity, when saturated, of as much 
as 10 meq. per gram. The extent to which metallic ions can be taken up is 
affected differently by pH in the case of carboxylic and sulfonic exchangers. 
The latter retain a considerable affinity for metallic ions over a rather wide range 
of acidity, while carboxylic resins rapidly lose capacity for metallic ions as pH 
falls. The affinity of all these exchangers for cafions of bivalent elements, 
such as calcium and magnesium, is greater than that for the univalent ions, 


From the Department of Medicine, State University of New York, College of Medicine, Brooklyn. 


Supported by grants from Life Insurance Fund, New York Heart Association, and United States 
Public Health Service. 
Received for publication July 31, 1950. 
63S 


i 
| 


DOCK AND FRANK: USE AND HAZARDS OF CATION EXCHANGERS 639 


and among the latter, affinity for H* exceeds that for K* or NH,*, while 
both the latter are taken up in preference to Na*. In the gastrointestinal 
tract below the duodenum, the range of pH is such that both carboxylic and 
sulfonic exchangers readily take up sodium and potassium, as well as calcium, 
magnesium, and minute but undetermined amounts of organic cations such 
as vitamins and amphoteric amino acids. These substances are exchanged 
for the hydrogen on the ingested resin and pass out of the body in the feces, 
bound to the exchanger. 

Preliminary studies on the uptake of ions from solutions in which the elec- 
trolyte concentrations were the same as in mammalian plasma (sodium, 140 
meq; potassium and calcium, 5 each; magnesium, 2) made it appear probable 
that considerable calcium and magnesium would be removed, and about as much 
potassium as sodium. Sodium, because it is ten times as abundant in body fluids 
as all other cations, will occupy half the exchange capacity in spite of the low 
affinity of resins for thision. In practice, it is found that the fecal loss of calcium 
and magnesium is somewhat less, that of potassium may be much greater than 
would be expected from in vitro results, and the uptake of sodium is from one- 
fifth to one-tenth the maximum capacity of the exchanger for that ion.’ How- 
ever, when fed in daily dosage of 40 to 150 Gm., cation exchangers have been 
able to replace mercurial diuretics completely in many cases, and in some cases 
they have been effective in mobilizing sodium, although mercurials no longer 
were potent. 

UNDESIRABLE EFFECTS OF HYDROGEN EXCHANGERS 


Gastrointestinal Irritation.—When hydrogen exchanger is washed with dis- 
tilled water, the latter remains neutral to litmus, since the hydrogen is bound 
firmly. However, if alkaline moist litmus touches the resin, it turns pink in- 
stantly, as the metallic ions in it are exchanged for hydrogen ions on the resin. 
The speed of exchange depends partly on how finely divided are the particles of 
exchanger, but more on the percentage of cross links occupied by divinyl benzene. 
In the ordinary product where 7 to 12 per cent of the cross links are closed, ex- 
change is rapid; with higher percentages closed, the rate falls. Several of the 
hydrogen resins of sulfonate type exchange so fast that the material causes dis- 
comfort in the mouth, esophagus, and abdomen, due to acidifying the surface 
of the mucosa. With large doses, nausea may be intense, and vomiting occa- 
sionally occurs. The exchanger, in sodium form, is tasteless and causes no dis- 
tress. The resins are insoluble and therefore nontoxic, though large amounts 
given to feeble subjects may cause fecal impaction similar to that caused by 
barium sulfate. By feeding the exchanger in capsules digestive discomfort is 
reduced, but cost and inconvenience of treatment are increased. 


Acidosis: Systemic Effects—The main difficulty in use of a hydrogen ex- 
changer is the fact that only basic substances are removed from the body fluid, 
and large amounts of ionic hydrogen enter the body. Acidosis is therefore an 
inevitable result, just as when ammonium chloride is fed in large amounts daily. 
Theoretically, one could remove an equal amount of acid by feeding an anion 
exchanger,' but this again greatly increases cost and inconvenience. In practice, 
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acidosis is accepted as a sequel of therapy. With normal renal function this 
effect is partly controlled by an increase in the ratio of ammonia to urea in the 
urine, thus providing an organic base with which to excrete the chlorides, sul- 
fates, and phosphates normally excreted as salts of sodium or potassium, which 
now are diverted to the feces. In part, acidosis is controlled by excreting more 
COs, reducing plasma COz, and increasing minute volume of respiration. Usually 
the patient comes into equilibrium with normal blood pH, intensely acid urine 
which, therefore, contains more casts than before therapy began,’ and a fall in 
plasma CO,: Cl ratio. However, it is possible with continued use of hydrogen 
exchangers to cause uncompensated acidosis with apathy, anorexia, or even air 
hunger. This is most apt to occur where renal tissue is diseased or renal blood 
flow is very low and ammonia formation is impaired. As in uremic acidosis 
with heart failure, the peripheral lung fields remain clear due to overventilation, 
and this, with heavy vascular shadows at the hilum, gives the roentgen appear- 
ance of ‘pulmonary azotemia."’ Normal conditions can at any time be restored 
by giving sodium lactate or citrate, but this usually evokes a return of edema. 
Potassium citrate or acetate, in doses up to 6 Gm. per day, can also be used to 
counteract the acidosis. This adds to the inconvenience of additional medication 
and imposes the need for precise control of electrolyte balance, since hyper- 
potassemia may be caused in some patients by dosage which is harmless to others. 


Depletion of Potassium, Calcium, and Magnesium.—While the loss of calcium 
and magnesium in the feces is minimal and decline in urinary excretion or blood 
levels is uncommon,*” there is a distinct risk of gradual demineralization of bone 
to meet the steady loss when patients are maintained on cation exchangers 
for months or years. In a few cases, lowered plasma calcium has been observed, 
and at least two cases of tetany have occurred. In one of our patients tetany 
occurred when the exchanger was discontinued, and mercurial diuresis evoked 
a brisk chloruresis and thus abolished the acidosis. In the presence of acidosis 
tetany may not occur even at lowered blood calcium levels. Replacement of 
calcium and magnesium by supplementing the dietary intake is so simple and 
inexpensive that this should regularly be instituted when the regime is maintained 
for more than a few weeks. 


The removal of potassium occurs in a ratio of 1 to 1.5 meq. potassium per 
1 meq. sodium, when patients are on a diet with normal content of salt, that is, 
over 2 Gm. per day. When the diet contains less than 1 Gm. of salt per day, 
the uptake ratio shifts to as high as 5 potassium per 1 sodium.® Not only does 
sodium uptake fall, but potassium uptake rises and may exceed 1.5 meq. per 
gram of exchanger. Thus, on 100 Gm. resin per day potassium loss might reach 
6 Gm. per day, or twice the usual dietary intake. Fall in plasma potassium may 
be preceded by depletion of muscle potassium and some shift of sodium into the 
muscles. This can only be prevented by a generous potassium supplement, con- 
trolled to avoid hyperpotassemia, as already described in connection with 
acidosis. Animal experiments show that calcium and potassium mixed into a 
diet along with hydrogen exchanger significantly reduce sodium uptake. This 
may be less in man, since the substances are fed separately. 
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There is no information on loss of essential amino acids or water soluble 
cationic vitamins, such as thiamine, when these are fed to animals or man. 
Chronic feeding of the sodium resin in large dosage resulted in no interference 
with growth of rats, and it is assumed that loss of necessary organic cations 
is negligible in human beings. <A report on the effects on thiamine excretion in 
the urine is desirable to cast light on this phase of the problem. 


Use of Ammonium, Glycine, Lithium, or Potassium Exchangers.—The 
undesirable effects of hydrogen exchangers can be modified by using the resin 
in other forms. 

Digestive disturbance is less with carboxylic than with sulfonic types of 
resin, and somewhat less with ammonium or potassium exchangers than with 
hydrogen forms. However, nearly all observers report that nausea, coming on 
as dosage increased, was observed in some patients no matter what exchanger 
was used. These reports do not include any cases in which sodium depletion 
led to uremia, for then nausea is regularly noted even when depletion has been 
effected with diet alone.’ 

The exchange capacity of ammonium resin is good, but the ammonium is 
at once changed to urea in the body, and hence acidosis is as severe as with 
hydrogen exchanger. When cardiac patients have severe splanchnic hyperemia 
and stasis, even ammonium exchangers cause indigestion, and at autopsy super- 
ficial enteritis has been noted. Glycine resin, like glycine itself, is not agree- 
able to take and may cause nausea. It is a good exchanger, but it causes the 
acidosis and electrolyte changes common to hydrogen resins. Lithium ex- 
changer requires caution in its use, since hyperlithemia may cause disability or 
death. Regular determinations of plasma lithium levels with the flame photo- 
meter are necessary. Apathy, weakness, and tremor have been noted at serum 
levels of only 2 meq. per liter or 1.4 mg. per cent. 

Potassium exchanger offers special advantages, since its use provides a 
base capable of preventing acidosis as well as potassium depletion. The sodium 
uptake per gram may be somewhat less than that with ammonium or hydrogen 
exchanger, and some risk of hyperpotassemia must be anticipated. At present, 
several clinics with previous experience in the use of other exchangers are using 
2 to 1 and 3 to 1 mixtures of hydrogen or ammonium and potassium resins with 


apparent satisfaction. 
TYPES AND SOURCES OF EXCHANGERS 


The present state of supply of exchangers deserves comment. Dowex 50, 
a sulfonic resin in glycine and hydrogen forms, Permutit Z and Q, sulfonic 
zeolites in ammonium, potassium, hydrogen, and lithium forms, and several 
carboxylated resins, such as Amberlite XE 64, in ammonium, hydrogen, and 
potassium forms, have been supplied to investigators either directly by the 
manufacturers or by various drug firms, often under a variety of other names. 
Given by mouth, these all have about the same uptake of sodium and other 
ions, totaling 2. meq. per gram, of which no more than 1 meg. will be sodium. 
The carboxylic Amberlite is as fine and white as flour; the others are more coarse, 
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some being supplied as fine beads, and are gray or pale brown. When coarse, 
they may be taken in capsules or like a dry cereal with cream. When fine, they 
are given in flavored vehicles, low in electrolyte. 

None of these exchangers is available for purchase by the patient. Until 
more knowledge of them has been obtained, their use should be restricted to 
clinics, where frequent control of blood electrolyte by the flame photometer is 
possible, and to physicians, alert to the dangers inherent in disturbed acid-base 
and electrolyte balance. However, the pressure to extend their use to less well- 
controlled conditions is great, as more and more reports on the effectiveness of 
exchangers in managing edema appear in the literature. 


EFFECT OF CATIONIC EXCHANGERS ON LABORATORY ANIMALS 


Crismon,* McChesney and McAuliff,? and Ch’en and Freeman!’ have made 
extensive studies on the rat, and the latter two groups have compared the effec- 
tiveness of various resins. The first two investigations disclosed the great loss 
of potassium, as well as of sodium, in the stools and the depletion of muscle potas- 
sium with minimal change in serum content of that cation. Ch’en and Freeman 
emphasize the importance of dietary cation content in determining the fecal 
partition and the amount of sodium removed per gram of resin. Sodium de- 
pletion alone interferes with the growth and maturation of rats," so that high 
mineral content of the diet was used in McChesney and McdAuliff’s study of 
long-continued resin administration. The growth curves were not altered. 


CLINICAL RESULTS 


Because the studies of Visscher” had shown that every two hours a quantity 
of sodium equal to the entire quantity present in the body diffuses into and out 
of the gut, and because all reports on fluid from the colon and intestine indicated 
electrolyte levels about equal to those of plasma, it seemed possible that cation 
exchangers in the gut would come into equilibrium with electrolytes as though 
exposed to unlimited amounts of plasma. They might thus remove a quantity 
of sodium independent of the dietary intake or the avidity of the body for sodium. 
As indicated above, this has proved a vain hope. 

The sodium uptake by cation exchangers passing through the body is about 
what one would expect if final equilibrium were reached high in the intestine, 
where dietary influence is strongly evident. A rise in sodium uptake, when 
enteric-coated exchanger was substituted for the usual form, has been reported 
in a few cases. This also indicates that under usual conditions exchange does 
not continue during the entire stay of the resin in the gut, but reflects gastric 
(and hence dietary) rather than colonic or plasma concentrations of electrolyte. 
Worthy of trial are resins with 30 per cent or more cross links of divinyl benzene, 
since these will exchange more slowly and may cause less irritation and a higher 
sodium uptake. 

It has not been demonstrated that the sodium content of the fluids secreted 
into the stomach and bowl is under endocrine control, as is that of sweat, or 
that it is reduced in states in which edema accumulated on normal or even low 


4 
1 
| 


2 


DOCK AND FRANK: USE AND HAZARDS OF CATION EXCHANGERS 643 


salt intake. Several reports suggest that the sodium uptake of resin is less in 
such conditions than in normal animals or men on moderate salt intakes. How- 
ever, in spite of the unexpectedly low uptakes observed in practice under the 
most unfavorable conditions, as compared with those anticipated on a theoretical 
basis, the fact remains that the exchanger always removes more sodium in the 
feces than would normally be lost. When urinary excretion of sodium is very 
low and no longer rises when mercurial or other potent diuretics are given, 
exchange resins permit sodium removal without sweating or diarrhea. Pitt's 
studies strongly suggest that reduction in glomerular filtrate below a critical 
level leads to total reabsorption of sodium in the proximal part of the nephron." 
If this is so, then neither mercurials nor even a potent nonmercurial diuretic" 
will be effective under conditions not uncommon in cardiac, renal, and hepatic 
disease associated with anasarca. Even though resin removed only 500 mg. 
sodium per 100 Gm. resin, it might yet be of value, and the patient woulu lose 
1 kg. of edema per week on an intake of 100 Gm. per day. 

The first balance studies’ on patients whose weight gain was controlled by 
hydrogen exchanger, after diuretics were stopped and a comfortable salt level 
in the diet was permitted, showed that these substances have other uses than in 
the management of mercury-resistant edema. Nearly all subsequent studies 
confirm the finding that cation exchangers make it possible for many ambulatory 
patients, long dependent on rigid diets and mercurials given each week or oftener, 
to be maintained on much more agreeable diets without mercury, by admin- 
istering 40 to 100 Gm. of exchanger per day. In most such cases the only 
disturbance observed is a compensated acidosis and loss of most of the dietary 
potassium in the feces rather than in the urine. 

In the classical studies of Irwin, Berger, Rosenberg, and Jackenthal,® one 
subject with normal hydration, two cardiac patients, and one cirrhotic patient 
were observed. In the first cardiac subject, on 6 Gm. sodium chloride daily, 
discontinuing exchanger led to a gain of 4.6 kg. in 10 days; on resuming resin 
there was a loss of 2.7 kg. in 5 days. The cirrhotic patient lost 7.5 per cent of 
his body weight in 12 days on hydrogen exchanger and 15 per cent in 22 days. 
By this time, ascites no longer was demonstrable, but piasma COz had fallen 
65 per cent, potassium 60 per cent of the maximal level recorded earlier, and the 
patient was weak and without appetite. Sudden death from ventricular ar- 
rhythmia occurred after discontinuing resin and after some potassium had been 
given by vein. 

There are now six preliminary reports on the use of various cationic ex- 
changers in patients with edema,**-'* and five of the authors have been kind 
enough to amplify these with personal communications on their experiences up 
to May, 1950. Our own unpublished data cover experience in fifteen cases, 
using Dowex 50, Permutit Z, and Amberlite XE 64. Greenblatt’s data, exhibited 
at the 1950 San Francisco meeting of the American Medical Association, were 
based on careful balance studies of stool and urine in nearly forty patients.’ 
Danowski'® has used ammonium carboxylic exchanger with some success in 
children with nephrosis, and he also has used this exchanger to reduce serum 
potassium levels in cases of renal failure. Kahn® has been impressed by the 
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dependence of sodium uptake on the dietary sodium intake, but he also has 
noted successful use of resin in nephrotics, where the effect of mercury on renal 
tissue is to be avoided. Currens” noted some cardiac arrhythmias, possibly due 
to hypopotassemia, and also potentiation of mercurial diuresis in some cases 
treated with ammonium exchanger together with supplementary potassium 
acetate. All of these observers noted that nausea often supervenes during 
therapy. 

One phenomenon noted by us, and by others, deserves mention. During 
the initial period of treatment, weight loss may occur at a rate gieater than 
would be calculated from the fecal loss of sodium and the usual assumption 
that 3 Gm. of sodium must be removed to mobilize 1 L. of edema fluid. In part 
this may be due to a rise, rather than the usual fall, in urinary sodium. This 
in turn may be due to acidosis. But the main factor appears to be a shift of 
sodium into muscle to replace potassium losses.*:* When extreme, this un- 
doubtedly leads to cardiac and muscular weakness and is undesirable. Never- 
theless, it must be borne in mind that depletion of potassium may also lead to 
a diuresis, as sodium shifts into the muscles. 

As the first preliminary clinical report appeared in 1948 and the first complete 
study in 1949, it is too early to do more than indicate the general features of 
this method of therapy. It is important that physicians should be clearly aware 
of the fundamental biochemical facts and the possible value and hazards of the 
method so that they can grasp the import of the work to be published in the near 
future. They may eventually add this technique, with its proper safeguards, 
to their own armamentarium. 


SUMMARY 


While no cationic exchangers are available for general use, clinical studies 
and animal experiments have been made with several types of high capacity 
resins. 

Unless given as a potassium exchanger, acidosis and potassium depletion 
are inevitable results of continued ingestion of these materials, which carry 
out sodium, potassium, calcium, and magnesium in the feces. When the potas- 
sium form is used, sodium uptake per gram is reduced, and there is some danger 
of hyperpotassemia. Investigators now tend to favor 2 to 1 or 3 to 1 mixtures 
of hydrogen or ammonium and potassium exchanger. It is essential to follow 
the effects produced by exchangers with frequent determination of serum sodium, 
potassium, and CQO, capacity. Supplementary use of calcium and magnesium 
seem advisable, although loss of these elements is slow and blood levels usually 
unchanged. Demineralization of bone, rather than tetany, is the hazard. 

The uptake of sodium, when subjects are on normal diets, rarely exceeds 
1 meq. per gram of exchanger, or 2 per cent by weight. On diets low in sodium 
or rich in potassium and calcium, the uptake may fall to one-third this amount 
as the uptake of the other cations rises. 

In cardiac, nephrotic, and cirrhotic patients, cation exchangers sometimes 
fail to mobilize edema, but in most cases sodium depletion and weight loss occur 
when 40 to 100 Gm. are given daily. The safest use, and that which gives the 
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highest removal of sodium per gram of exchanger, is in patients on normal 
diets with 3 to 6 Gm. of salt per day. The exchange resins also are of value 
in potentiating mercurial diuresis and in patients sensitive or resistant to such 
diuretics. Further improvement in the resins and more intensive study of them 
is expected before they become generally available. ‘There is no reason to sup- 
pose resins will replace those diuretics which, acting on the distal part of the 
nephron, cause loss of both anionic and cationic electrolytes in the urine. 

We wish to express thanks for reports on cases from other workers in this field and for ma- 
ierials generously supplied by Dow Chemical Co., Midland, Mich., Sterling-Winthrop Co., 
cong N.Y., National Drug Company, Philadelphia, Pa., and Eli Lilly and Company, Indian- 
apolis, Ind. 
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Editorial 


A‘ A meeting of the Editorial Board of this Journal, held on May 1, 1950, 
it was decided to publish, as frequently as possible, a review of the present 
status of some aspect of medicine which might appeal to those who are interested 
in cardiovascular diseases. It was not intended that these reviews should be in 
any Way restricted as to content or scope. It was appreciated that many aspects 
of old subjects in anatomy, physiology, biochemistry, pharmacology, thera- 
peutics, pathology, bacteriology, diagnostic methods, and so forth, could be fruit- 
fully considered anew or from a new angle. It is expected that these approaches 
will have a practical bearing on the present and future practice of cardiovascular 
concepts in internal medicine. In fact, where so-called cardiology begins and ends 
in the realm of internal medicine is one of those potential mysteries which only 
the future can decide. Such artificial frontiers nave been known in the past and 
will undoubtedly be encountered in time to come. 


In addition to the review of past progress, there are arising on the horizon 
of medical progress new outlets. The progress of the physical sciences into medi- 
cine must be accepted, and it must be understood that the majority of the pro- 
fession are woefully ignorant of their fundamental concepts and implications. 
This is not a harsh criticism but simply a statement of fact which should be ac- 
cepted with true humility. Unfortunately, the pressure to employ biophysical 
agents in the practice of medicine has become almost irresistible. But what 
of the hazards of ignorance? 


In the present issue there is a review by Professor William Dock and Dr. N. 
Robert Frank, entitled ‘Cation Exchangers: Their Use and Hazards as Aids 
in Managing Edema.”’ This is a case in point of the employ of biophysical agents, 
commonly used in industry, but now being extended to medicine in a limited 
experimental sphere. But there are indications that they may soon be more 
widely employed in the practice of medicine. Therefore it seems proper that this 
review should be presented to the profession as a warning and with advice as to 
their uses and hazards. 


It is hoped that this review may stimulate clinical research under controlled 
conditions and not lead to flagrant extravagance in protestations of a cure-all 
in conditions of water and electrolyte imbalance. 


646 


J.C.M | 


FRANK N. Witson, M.D. 


a 
£ 
ar 


